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PREFACE. 


In this little book I have attempted to sot out in the 
form of a connected story tlio scientific principles of crop 
production. In cloinpf so I am fully aware that I have 
omitted many details of great practical importance which 
every student should know. I have done this advisedly, 
in the hope that the story of the factors of productivity 
will awakon in tlio sbailouts who road it an..interest in the 
subject which will stimulate thorn to fill in those details, 
by consulting larger and more ambitious works on Agri¬ 
cultural Chemistry. Tin hook should ho read side) by side 
with a course of practical laboratory work such as Newman 
and Neville’s Fmdiml AyrioiiUttral OhemUtrj) 'published 
by tlio Cambridge University Press. 

I have assumed that students who use fcho book possess 
an elementary knowledge of the principles of ohemisfcry, 
and that thoy are familiar with simple chemical and 
physical manipulation. The illustrations and tlio tablos of 
soil analyses in Chapter It, woro praparod by my colleague 
Mr. h. F. Newman, M.A., F.T.O., Fellow of St. Catharine's 
College, with the assistance of Mrs. Noddor, to both of 
whom I roeord my host thanks. I wish to thank Mr. 
Newman also for reading tlio proofs and Mr, 0. W. 
Williamson for preparing photographs of the Illustrations 
and for chocking the results of the experiments, 

T. 33. WOOD. 


Oamjiiupuii, 

Seph'MhiT Ath, 11)20 
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will bo obtained. Evidently, therefore, walin' in an aliun- 
dant and important constituent of all crops. 

But tlio importance of water to the crop in measured 
not only by the amount contained in the crop at any 
given moment. Botanical invoHtinations have hIiowu that, 
as long aa a plant in alive and growing, its root-hairs are 
constantly absorbing water from the soil. This water 
asconda through the roots, steins, and branches to tlm 
loaves, from which it is evaporated into the air. This 
passage of water through the plant iH known as transpira¬ 
tion. It is necossary to the life of the plant, just as the 
hlood circulation is essential to the life of an animal. The 
amount of water which thus passes through a crop is 
enormous, and amounts to about />()() lli, for every pound 
of dry matter which the crop produces. Compared with 
this, the amount of water contained in the crop at any 
given moment is nogligiblo. Evidently, therefore, tlio old 
idoa of ascertaining the needs of a crop by chemical 
analysis was misleading. A plant is alive, and its needs 
arc continuous. It is only by remembering this that 
serious mistakes can be avoided. 

Wo must regard water as perhaps the most, important 
factor in crop production. 

If wo now put into a test-tube some chopped hay or 
other vegetable matter, which has been kepi, 
Light/ 11 '* overnight in a steam oven so that it no 
longer contains any water, awl heal; it more 
strongly ovor a flame, wo shall notice that two IhingH take 
place simultaneously. The vegetable matter will cliar or 
blacken, and at tlio samo time steam will be given oil and 
condensed to drops of water on the cooler parts of the 
tube, 

Now water consists of oxygon and hydrogen in combina¬ 
tion, and the charring or blackening is due to the sepaviir 
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Won of carbon. Tho simultaneous formation of these two 
substances shows that tho dry vegetable substance con¬ 
tained carbon, oxygen, and hydrogen in combination. 
Tho combination was broken up by heating, the oxygon 
and hydrogen recombining to form water, and tho carbon 
being left as a black rosiduo in flic tube, 

In addition to water, plants therefore contain carbon, 
oxygon, and hydrogen. Tho oxygon and hydrogen could, 
bo obtained from tho water taken in from tho soil. 
Botanists liavo shown that tho carbon is obtained from 
tho carbon dioxide of tho air by tlio process of photo¬ 
synthesis or assimilation. This process lias hoou shown to 
take place in the loaves. Tho groon colouring matter of 
tlio loavos, chlorophyll, absorbs tho onergy of light, and by 
moans of this onorgy tlio plant’s protoplasm is able to 
separate tlio carbon dioxide of tho air into carbon and 
oxygon. Tlio carbon is votabled by tho plant, being com¬ 
bined with hydrogen and oxygon to form starch; the 
oxygon iH returned to the air. 

Tins action may bo crudely roprosontod by tlio following 
equation:— 

(iOO a + 5H 2 0 = C„H 10 O b + 60 a . 

(tofbim Watoi* Sln-roli Oxygon 

dioxitlu 

hlxactly how the process takes placo, and what aro tho 
intormodiato stages wo do not know. Wo do know, how- 
evor, that under tlio influence of light, groon plants do 
absoi’b carbon dioxide from tlio air and water from tho 
soil, and at tho same time form starch in tlioir loavos and 
give out oxygon, and wo must note that air and light 
aro important factors in plaut growth. II,ow important 
Ihoso factors aro is shown by tho fact that an aero of 
wliottt contains over ouo ton of carbon obtained from the 
air by tho help of liglit. 


4 THE FACTORS OR PRODUCTIVITY OR Till'! SOIL, 


To return to our tost-tubo. If wo shako out the ohavrot 
remains of our vegetable matter, put ii 
" sL ' in a crucible or on a bit of platinum foil 

and heat it in the open air, wo shall find that it glows ant 
the black carbon burns away, loaviug a small quantity ol 
incombustible matter or ash. The proportion of asl 
varies in different plants and in difforont parts of tin 
same plant, but the constituents of the ash are always tin 
same, namoly, iron, lime, magnesia, potash, soda, pirns, 
phate, sulpliato, chloride, carbonate, and silicate. Ii 
addition to these constituents, some plants contain traces 
of manganese, litliia, bromide, and iodide. 

Tlie proportions in which the ash constituents are presold 
vary greatly. In soods, the ash usually contains a largt 
proportion of phosphato, whilst potash and silicate tend U 
accumulate in tlio stems and leaves, The proportion ol 
lime in the ash varies in difforont plants, some plnuti 
containing much limo and othors comparatively little. 

The ash constituents as a whole form only a small pro¬ 
portion of the crop, usually only about !> per cent., of its dr) 
weight, or even loss; most of thorn are, however, absolutely 
essential for growth. This is shown by growing seeds ii 
pots of sand to which all the separate ash constituent! 
except one are added in suitable proportions. Such ox- 
perimonts show that growth will not continue in the almond 
of iron, lime, magnesia, potash, phosphate, sulphate m 
chloride, and these substances must therefore be regarded 
as essential constituents of plants. Analyses of soils show 
that typical soils contain sufficient of most ash constituent! 
to supply the requirements of ordinary crops. This, how- 

Lime Potash eTOr ’ is not 80 in tho 01180 lime, potash auf 
Phosphate. ’ phosphate, and these substances are tlioro- 
fore important factors in determining tin 
productivity of a soil, This conclusion is confirmed by tin 
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results of field oxporimonts which show that on many soils 
the productivity can ho increased by the application of 
manures containing those snbstancos. 

Ono moro substance must bo added to this list, If a 
little dried plant substance is mixed with soda-lime and 
heated in a test-tube, ammonia is given off and can bo 
recognisod by its smell, and. by its power of turning rod 
litmus-paper blue. Now ammonia is a compound of 
uitrogon and hydrogen, and the plant must therefore 
contain nitrogen. 

In the early days of .Agricultural Chemistry, the source of 
Nitro on plnait nitrogen was a much dobatod question. 

'" l '" Some of the oarlior exporimoutors assumed 
that since the air contains 80 por cent, of nitrogen, plants 
obtainod their nitrogen from tho air by the agency of their 
loavos. This was shown to bo untrue in tho caso of coreals 
and some other plants by several investigators, who found 
that tho total weight of nitrogen in tho full grown plant 
did not oxcood tho sum of the nitrogen contained in tho 
seed, and that contained in tho pot of sand in which it was 
grown. Tho question was complicated by tho results 
obtainod with beans and peas by other oxporimontors, who 
found that tho full grown boan or pen plant contained far 
more nitrogen than the sum of that in the soil and that in 
tho seed, and justly concluded that tho balance must have 
come from tho air. Tho question is now dually settled, 
and we lenow that in no caso does a plant obtain its nitrogen 
directly from tho air, though beans, peas, and other uiutubors 
of tho order loguminosa) are able to got nitrogen from tho 
air indirectly through the agency of microbes growing in 
nodules on their roots. 

This conclusion lias boon abundantly confirmed by tbo 
results of field oxporimonts. At Kothamstud, for instance, 
after over 70 years of continuous field oxjtorimonlH, tho 
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yield of wheat on the continuously unmanurod plot is only 
12 bushels per acre, whilst the plot continuously manured, 
with ammonia salts yields on the average 21 bushels, 
Evidently, therefore, we must add nitrogen to the list of 
factors which are important in determining the productivity 
of the soil. 

Quantitative analysis of soils show that in the average 
arable soil the proportion of nitrogen iH usually about 
•1 per cent. An average arable soil Lo the depth of nine 
inches is found to weigh about 11,01)0,000 lb. per aero. 
The weight of nitrogen contained in the top nine inches of 
soil is, therefore, about 3,000 lb. Since the roots of 
ordinary crops penetrate the soil to a depth of two, three, 
four, or even five or six foot, that is to say from throe to 
eight times nine inchos, wo may safely conclude that an 
ordinary soil contains from f>,000 to 0,000 lb, of nitrogen 
within reach of the roots of most ordinary crops. 

An average wheat crop of 33 bushels of grain and 25 
cwt, of straw por acre contains in the grain 30 lb, of 
nitrogen, and in the straw 10 lb,, or a total of 40 lb, por 
acre. Evidently, the total amount of nitrogen in an 
average soil is sufficient to grow, say, 100 average wheat 
crops in succession. And in spite of this 20 lb, of nitrogen 
applied to a wheat crop in the form of nitrate of soda or 
sulphate of ammonia will always increase the yield, fre¬ 
quently by 10 or 20, or oven 30 per cent. 

Evidently the nitrogen contained in nitrate of soda or 
Microbes sulpliato of ammonia is in some way differ¬ 
ent from tho nitrogen contained in the soil, 
for 5,000 lb, of soil nitrogen produces say 30 bushels of 
whoat, whilst 20 lb. of tho nitrogen of nitrate of soda 
produces a further six bushels, In other words it tabes 
nearly 170 lb. of soil nitrogen to produce one bushel of 
wheat, whilst 3| lb. of the nitrogen of nitrate of soda will 
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give tlio same result. Now it has boon found by botanists 
that plants absorb from the soil only those substances which 
are solublo in water. Both nitrate of soda and sulphate 
of ammonia dissolvo readily in water and are, therefore, 
available for crops. If we shako up a weighed quantity of 
soil with water and thon filter oil' the soil and analyse the 
solution, we find that of the very largo amount of total 
nitrogen contained in the soil only a very small amount 
has dissolved in the water, and further examination shows 
that this small amount which has dissolved is chiefly 
calcium nitrato with a very littlo ammonia. These facts 
explain the difforonco between the soil nitrogen and nitrate 
of soda nitrogon in thoir effect on the crop. Nitrate of 
soda nitrogon is solublo in wntor and therefore available 
to the crop, Soil nitrogen is for tlio most part insoluble 
in water and thoroforo not available to the crop. 

But some of the soil nitrogon must bo available, for the 
Microbes pk>t at Kothamstod which has boon continu¬ 
ously uumanurod for nearly 80 years still 
continues to produco about 12 bushels of wheat every year. 
Bacteriological investigation of the soil has shown that 
it contains sovoral millions of microbes in overy gram. 
Among theso arc microbes which food upon the humus 
of tho soil, and in doing so convert its store of insoluble 
nitrogon into ammonia. Others feed upon tho ammonia 
and convert it into nitrates, and it is upon tho nitrates 
that our crops feed. Our crops are thoroforo dopen- 
dont upon tlioso two kinds of microbes for the preparation 
of nitratos on which they may feed. Wo must therefore 
add tho presonco of cortain kinds of microbes as another 
important factor in determining tho productivity of the 
soil. 

Those microbes have boon found to require certain 
definite conditions for thoir propor growth, They require 
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plenty of air in the soil, the soil must ho fairly warm, and 
it must contain a good supply of calcium cavhouato. Air 
in the soil is dependent on cultivation and drainage. Those 
operations also considerably affect the warmth of the soil. 

The supply of calcium carbonate can he 
Cultivation^ maintained hy manuring and has already 
been mentioned as a crop requirement. A. 
well aerated a.nd warm soil is also beneficial to crops, 
and we must therefore certainly includo cultivation, 
drainage and soil temperature among our list of important 
factors of productivity. 

We might continue almost iiulolinitoly this discussion of 
the factors of productivity, but it will servo no useful 
purpose to go into detail lioro. Details will come later. 
There are, however, two very important factors which must 
he mentionod. It is a matter of common lenowlodgo that 
wheat grows host on a heavy soil, i.o. a soil 
containing a fair proportion of clay. Barley 
and swedes, on the other hand, are host suited for lighter 
soils which contain hut little clay and much sand. A lmost 
every crop prefers soil of a certain dofinito typo, and pro¬ 
ductivity is largely influenced by selecting crops whioh nro 
well suited to the typo of soil. 

After the farmor has given his host attention to all 
these factors, after ho lias clioson his crops to suit his soil, 
drained and cultivated his soil in tho most 
approved manner, and manured it to suit 
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both his crops and the mierobos wliioh prepare their food 
salts, the actual result he may achieve depends upon a 
number of conditions which are hoyond his control and 
may he classed together under the singlo word climate. 
Although climate cannot ho controlled, tho science of 
meteorology lias done so much to systematise our know¬ 
ledge in various directions which arc useful to tho farmer, 
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that no discussion of tlio factors of productivity is com- 
ploto without tlio inolusioa of tlio outlines of meteorology. 

It is clour from the above discussion that agricultural 
chemistry as understood to-day_ doos not cohfino its en¬ 
quiries to the analysis of soils and the proscription of 
manures. It attempts to discovor the genoral principles 
of crop production, and though its methods are mainly 
those of chomistvy, it doos not liositato to avail itself of 
the assistance of tho allied sciences, botany, bacteriology, 
physios and geology. 

Ohomioal analysis will enable us to ascertain if a soil is 
deficient in lime, potash, phosphate or nitrogon, and to 
find out tho most economical way of making good tho 
deficiency by manuring. But wo recognise that manuring 
is not a panacea for all tho failings of tho soil. If tho 
rainfall is doficiont or tho structure of tho soil allows tho 
rain to go to wasto, manuring will not ensure a crop. Wo 
must grasp tho idoa that tho productivity of a soil is 
limited by tho factor which is most doficiont. Thus if a 
soil can only supply nitrogen enough to grow 20 busliols 
of wheat, tho crop will bo limitod to 20 bushels, although 
rainfall, air, light, lime, potash, phosphate, microbes, culti¬ 
vation and climate wore all up to tho 50 bushel standard. 
A deficiency of this kind is easy to correct. In such a 
case the use of say !£• owt. per acre of nitrate of soda will 
increase the crop to 50 bushels, and, its use will bo profit¬ 
able, for 1| owt, of nitrate of soda costs only !15s., and the 
increase produced, 00 bushels of wheat, is worth about 
ill 7. 

Suppose, however, tho deficient factor is bad drainage, 
and that this limits tho crop to 20 bushels, Although tho 
other factors may bo at tho 50 bushel level, tho crop will 
remain at 20 bushels, and to spoud 35s. per acre on 
nmimroH is to waste that sum of money. The field must 
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first be drained, and tliis may involve a serious outlay of 
capital. 

In tlie following chapters tlie various factors of produc¬ 
tivity will be discussed more fully, and methods will bo 
described by which they can bo investigated. 

Successful crop production depends on the discovery of 
the factors which limit the productivity of tlio soil in any 
district, followed by the application of appropriate methods 
of improving those factors which are found to bo d olid out, 



CHAPTER II. 


SAMPLING THE SOIL. MECHANICAL 
ANALYSIS. SOIL TYPES. 


Ono of tho chiof troubles of tho agricultural chomisf 
is tho difficulty ho moots with in obtaiii- 
Sampling ° f “'S representative samples of tho various 
matovials which he is callod upon to investi¬ 
gate, This difficulty is well exemplified in tho oaso of 
soil. It is duo (;o tho fact; that soil is not a hoiuogonoons 
material, that is to say, all tho particles of which it is coiu- 
posod aro not alilto. TJanally tho soil of a hold is obviously 
not uniform throughout. 

Frequently tho soil on tlio surfaco is different from that 
a fow inches below tho surfaco. No useful results there¬ 
fore can bo obtained by analysing a sample of soil unless 
that sample is so talron that it; may represent tho 
bulk of tho soil in tho field, or district. The guiding 
principle in soil sampling is to take a sample from an area 
which is reasonably uniform, and to take the sample in, 
snoli a manner that it represents tho whole bulk of tlio 
soil, on that aroa. 

To ascertain that tho area which it is desired to sample 
is uniform it is usual to walk over it and to dig trial holes 
at several places, taking careful observations of tlio appear- 

ll 
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auce of the soil, To take a representative sample two 
methods are commonly used. Tlio first 
Method 18 * 611 method is carried out by driving into the 
soil a strong steel box or cylinder of known 
sectional area. The sides of the box or cylinder are 
marked in inches, and it is driven into the soil to a depth 
of 9 inches unless there is some good reason for not going 
so deep. After driving it to tlio desired depth, the sur¬ 
rounding soil is removed, a steel plate is pushed under¬ 
neath, and the cylinder or box lifted up so that the soil 
it contains can be transferred to a small sack for transport 
to the laboratory. The advantage of this method is that 
it enables the operator to fake a samplo of known area and 
depth, from the weight of which the weight of an aero of 
the soil can be calculated. Tims :— 

The sampling cylinder used at the School of Agriculture 
lias a sectional area of '482 sq. foot, which, is 
Weig t per a i mos t exactly one-ninety thousandth of an 
acre. A. sample of sandy soil 9 inches deep 
taken with this cylinder weighs 33 lb. The soil on an 
acre 9 inches deep therefore weighs 33 X 90,000 lb. or 
practically 3,000,000 lb. A sample of clay soil taken in 
the same cylinder to tlio samo depth woighs 28 lb., or 
28 x 90,000 lb. or practically 2,500,000 lb. por acre. 
These figures are useful hocause they enable the analyst to 
convert his percentages of nitrogen, phosphate, potash, etc,, 
into weights per acre. 

But while very valuable for this reason, the method 
possesses certain defects, the chief of which is that how¬ 
ever carefully the spot is selected before taking the sample, 
the operator may have tlio bad luck to select a spot which 
for somo reason or other is abnormal. For instance a 
manure bag may have been placed there last year, a hay 
cock may have stood there for some time, etc. 




SAM'I’IjINO Tit 13 soir,. 


13 


To ohviato those mischances, many experiments nowa¬ 
days uso what is known as the Augur 
Method 5 * 1 Method. The ossonce of this method is tho 
talcing of a largo number of small samples 
scattered ovenly over tho aroa under investigation. This 
is rondorod possiblo by using an' instrument like an Augur, 
by moans of which cores are bored out of the soil. Ten 
to twouty cores arc taken in this mannor, and mixed 
together to form a composite sample. This is undoubtedly 
tho boBt method for obtaining a really representative sample. 

To take a sample in tho absonco of both the abovo 
instruments, as for instance in tho case of a 
Box Me o . f annQr w ] 10 w i s h 0 g to send a sample of soil 
to a laboi'atory for analysis, tho best method is to out a 
square block of soil by four cuts of a Bpnde, and to dig 
away the surrounding soil so as to leave the block stand¬ 
ing in its original position. A wooden box is then inverted 
over tho block, tho spado inserted below tho block so as to 
lift out together both box and soil, Tho box is then 
turned right aido up and tho lid nailod on. Tho farmer 
must thou label tho box with full particulars before for¬ 
warding it to tho laboratory’. The samplo should be not 
loss than 6 inches square, and 9 inches deep. 

This inothod possossos tho special advantage of preserv¬ 
ing the soil more or loss undisturbed, which onablos tho 
analyst to mako many observations as to depth of cultiva¬ 
tion, etc., which ho would liavo made in tho field if ho had 
been thoro. 

On arrival at tho laboratory tho soil must bo prepared 
for analysis. Tho first stop is to spread out 
of Sample ^ho sain P^° on ^ ar K () shoots of brown paper 
in a warm room, so that it may become air- 
dry. Certain experiments, however, should bo mado on 
parts of the sample in its natural condition. Those will 
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be described in tbeir proper place. When, air-dry the 
sample is crumbled np as much as possible, thoroughly 
mixed, and a kilo weighod out for further treatment. The 
rest is usually labelled n,nd preserved for further reference. 

The next step is to separate tlio soil from the stones, 
and before this can bo done it is necessary 
„ to define what is understood by the term 
“stones. Now stonos are of all sizos, and 
there is no scientific reason for fixing any particular 
limit of size above which the particlos of which tlio soil 
is composed should be called stones. But it is necessary 
to draw a line somewhere, and it is most dosirablo that 
every analyst should draw the line at tlio same limit: 
otherwise the figures obtainod by different analysts would 
not be comparable. To achievo this dosirablo end the 
soil analysts at most of the agricultural institutions in 
the United Kingdom have come to an agreement or con¬ 
vention in this and many other such points which will ho 
referred to later. The convention as to stonos is that 
those portions of the soil are called stonos which will not 
pass through a sieve with round holes ft inch or !5 mm, 
diameter. 

Working on this convention, tlio stonos are separated 
by rubbing tlio soil in a mortar with a 
of ^Stones ” wooc ^ e:l1 P 0S U 0 and sifting it on a sieve made 
of perforated zinc with holes ft inch in di¬ 
ameter. The stones which refuso to go through are thou 
washed with water, dried, woighod, and tlioir percentage 
calculated and recorded. It is assumed that the plant can 
extract no food salts from those stonos and they are dis¬ 
carded in all subsequent experiments and calculations. 

The portion of the sample which passod through tlio 
sieve is preserved for further experiments and is labelled 
coarse soil. 
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For certain experiments it is necessary to Imre more 
finely ground material. To prepare this 100 grams of tlio 
coarse soil is woighod out and ground repeatedly in a 
mortar until tlio whole of it passes through a sieve made 
of perforated zinc with holes of 1 mm. or inch in di¬ 
ameter. This is then bottled and labelled fine soil for 
chemical analysis. 


Having obtained a representative samplo and prepared 
it for examination, we are now in a position 
FaotmMjf to consider our next step. In the last 

Productivity, chapter the factors which govern the pro¬ 
ductivity of a soil were discussed, and it is 
necessary to choose which of tliom we will first investigate. 
The first thing a farmer ought to do is to grow crops which 
suit tlio typo of soil which he is farming. Logically, there¬ 
fore, the first point to investigate is the typo to which tlio 
samplo belongs. 

It has long boon recognised that certain crops grow best 
on certain typos of soils, wheat and beans 
CropH and for instanco flourish on clay soils, barley 
and swedes on sandy soils, sainfoin on chalk 
soils, and potatoos on light loams, hut it was not until the 
idea of soil typos was developed by Whitney in America 
that our knowledge took systematic sliapo. 

Whitney, wlion ho was professor of Geology at tlio 
Maryland State College, made a survey of 
Whitney’s tlio soils and crops of Maryland and sovoral 
Method. neighbouring states, and found that certain 
dofinito typos of natural vogotatiop, and tlio 
successful cultivation of certain farm crops, woro invariably 


developed on soils of definite structure, tlio structure of 
tho soil being defined by tho proportions in which par¬ 
ticles of various sizo wero present. 

After tho publication of this work, Whitney was made 
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the head of the Bureau of Soils of the Amoricau Popart- 
meat of Agriculture, and in this capacity was ahlo to 
extend his surrey methods to the whole of tho United 
States. His work has definitely established tho close con¬ 
nection between the size of tho particles of a soil and tho 
cropping for which the soil is best adapted. Tho survey 
method has been applied in England by 
British^ j IalL and R, nsse l] in tho South-Eastern 
Counties, by Newman in Norfolk, by Robin¬ 
son in Shropshire, and is rapidly extending. Tlioro is no 
doubt about the usefulness of the rosults which lnivo boon 
obtained. There are now on record the relative sizes of 
particles of which some hundreds of English soils aro 
composed together witli tho cropping for which each soil 
has been found suitable. If we can dotormino the sizes of 
particles present in our sample and compare our results 
with these we shall be able to gain much useful informa¬ 
tion. 

For investigating the size of the particles we must 
obviously take the coarso sample in which they have not 
been reduced in size by grinding, and boforo wo go further 
Estimation of wo mus ^ find the percentage of water and 
Water and organic matter which it contains. For this 
Matt(nr° purpose' a crucible is weighed. About 

' “ ’ ’ 5 grams of soil is put into it and it is weighed 

again. The crucible and soil aro then kept ovor night in 
a steam oven. From tho loss of woight which is duo to 
the evaporation of water from tho soil tho percentage of 
water in the soil can be calculated. Tho percentage of 
organic matter is now found by heating tho crucible and 
soil over a flame, stirring tho soil with a stiff copper wire. 
The soil first turns black as tho organic matter chars. 
Gradually the black colour disappears as the organic 
matter burns away. Finally tho soil becomes rod from 
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Meolianioal 

Analysis. 


the presence of iron oxide, the rod colour of which had 
been inaskod by the brown organic matter. When the 
soil is quite red, the crucible is cooled and weighed. Prom 
the loss in woighfc the percentage of organic matter is 
calculated. 

We can now undertake the separation of the mineral 
particles of the soil, but, before doing so, it 
is necessary to remove the calcium carbonate 
which possesses the power of making the 
smaller mineral particles slick togethor. For this purpose 
wo weigh out 10 grama of the coarse soil, put it in a 
beaker, and pour on it 100 c.o. of dilute hydrochloric acid 
(HST/5, or thereabouts, is the proper strength). The soil is 
allowed to remain in the acid for an hour, during which 
time it is stirred occasionally. It is then poured into a 
filter and washed until the washings are no longer acid to 
litmus-paper. This treatment completely removes the 
calcium salts from the soil, and makes it possible to 
separate tho smallor particlos. 

Tho soil is now washed off the filter paper on to a small 
sieve mado of brass wiro gauze with 100 meshes to 
the linear inch. Allowing for the thickness of the wire, 
tho meshes are ’2 nun. square. A stream of water from 
a wash-bottle is now directed on to the soil, which is 
rubbed with a fingor tip iq^the stroam of water until the 
water no longer comos throughsmuddy. Tho sieve and its 
contents are now driod in the steam oven, tho contents 
transforrod to a woighod crucible and ignited, to burn 
away organic matter which has been separately deter¬ 
mined. Finally, tho crucible and ignited particles a,re 
weighed again. Subtracting the woiglit of the oruoible wo 
get the weight of the particles. Those particles had 
passed tho 3 mm, siovo, but were retained by the '2 mm, 
sievo. Their sizo must, therefore, lie between those rather 
p. soil 2 
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wide limits. It is usual to sift them on a 1 mm. sieve, 
and to weigh separately the fraction which is rotainod by 
the siovo and that which passes through. 
Sand 01 aUCl 'JL'ho former, smaller than 8 win, and larger 
than 1 imu., is called lino gravol; the latter, 
smaller than 1 mm., hut larger than ‘2 mm,, is called 
coarse sand, The portiontago of each is worked out from 
their weights and recordod under the above names. 

The muddy water which passed through the lino wire 
siove contains all tlio particles under - 2 mm. in diameter, 
It is impracticable to separate these further by moans of 
sifting, bub bhoy am easily separated by taking advantage 
of the fact that the rate at which particles settle through 
water varies according to their size. 

The muddy water is put into a beaker, a little ammonia 
addod i.o it, and the particles rubbed up and 
thoroughly stirred with a pestle made of a 
glass rod stuck into a half-borod rubber cork. Water b 
added until the depth is 81) cm. It is found that all tin 
particles oxcopt the clay settle through this depth in 21 
hours, At tlio end of this time tim liipiid, which b 
slightly muddy with cky, is poured off from the sediment 
One such treatment, lmwover, does not effect a comploh 
separation of tlio clay. It is necessary to stir up the 
sediment again with ammonia, to add water to a depth, ol 
8-6 cm,, stirring again, and to pour off the Heating cla> 
again after 24 hours. This troatmout must be rupuatei 
daily until the liquid after standing 24 hours is practi 
oally clear. The muddy liquid which has boon poured of 
is now acidified with hydrochloric acid, which combiuoi 
with the ammonia, making ammonium chloride. This sal 
causes the clay particlos to form aggregates, or crumbs 
which very soon settle. The clear liquid is then pourof 
off, the sediment washod into a weighed dish, dried am 
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Fine Sand, 
and Silt. 


weighed. Its percentage is calculated and enterod as 
clay. 

Before drying, a drop of tho muddy liquid is placed on 
a glass slido and examined undor a high power of the 
microscope with a micrometer in the eye-piece. It is 
found that the particles are less than '002 mm. in dia- 
motor. 

The sediment from which the clay was poured off con¬ 
tains particles less than '2 mm. and greater 
than '002 mm. in diameter. It is separated 
into throe fractions. Tlio first fraction, 
called fine sand, whose particles are hotwoen '2 and '04 
mm. in diameter, is separated by settling through 7'5 cm, 
of water in 75 seconds. The second fraction settles 
through the samo dopth in 750 seconds, or 12£ minutes. 
It is called coarse silt. Its particles are between '04 and 
•01 mm, in diameter. The third fraction settles through 
tho samo dopth in 7,500 seconds, or 2 hours 5 minutes. 
It is called fine silt, and its particles aro between '01 and 
•002 mm. in diamotor. 

Tho samplo of soil lias now boon separated into six 
fractions, which, differ in the sine of their 
particlos. In addition to those fractions, 
tho povcontago of stonos was ostimatod in the original 
samplo, and estimations havo also boon made of water and 
organic matter. Tho results aro finally recorded in the 
table ovorlenP. Tho loss in ordinary soils should not be 
moro than 2 or 3 per cent. In soils containing much 
chalk it will, of course, ho greater. 

Such a, table gives an excellent idoa of tho structure of 
a soil, and naturally loads us up to two 
further points—How are wo to connect tho 
structure of tho soil ns rovoaled in such a 
table with tho typo of farming for which it is best spited? 


Summary. 


British Soil 
Types. 
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Wliat are the properties of the various fiuotiona' 
stituents of the soil, and how aro they connected wit 
ductivity? As wo liavo dooidod to study soil typos 
we will deal at onco with the iirsl, point. 


Stones, in original nam]>lo ... 


Soil, after removal of Stones : •- 

Water ... .. . 

Organio mattor . 

Pino Gravel, particles between !t and 1 nun. .. 
Goarao Sand, ,, ,, 1 and '2 mm. .. 

Pino Sand, ,, „ 'Hand'(II mm,. 

Coarse Silt, „ ,, -0J and '01 min 

Pino Silt, ,, ,, 'ill and '(102 mm 

Olay, ,, under '002 mm. 

Loss in analysis, Caloimn Carbonate, oto. 

Total, exclusive of iStones. 


I’lTdOlHl 


KIO'O 


For many years tlie Ministry of Agriculture 
collected annually figures giving the area of each 
portant crop grown in eaoli parish, throughout i.lio com 
A go°d general idea of the distribution of crops is 
tained by marking on a blank map, giving only parish 
lines, a dot for each 10, 20, 25, or 50 acres of the , 
grown in the parish; When tiro map is finished, the 
give the distribution of the crop, as shown in Maps 1 i 
pages 21 and 22. It will bo noticed that the oat crop, sh 
in Map 1, is evonly distributed over the ontiro aroa. Tli 
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duo to two cftusos: firstly, that oats will grow fairly well 
on almost any kind of soil, and, secondly, tliat almost 
every farmer grows oats if lie possibly can because he 
wants them to feed his horses. 

In the case of wheat and beans, Maps 2 and 3, the crops 
aro much less evenly distributed. Comparison with the 
geological map shows that these crops aro chiofly grown 
on those geological formations which givo rise to the 
hoavior types of soils. This is especially so with beans. 
The reason why some wheat is grown on the lighter soils 
is probably that every farmer tries to grow enough wheat 
to provide straw for thatching his stacks, oven though his 
soil may not bo suitable. 

In Map 4, sliowiug the distribution of the potato crop, 
the scattered dots represent the potatoes grown in gardens 
for homo consumption. The crowded dots to the west of 
the Wash show how potato cultivation flourishes in that 
area because the soil will produce a very heavy crop. The 
smallor crowds of dots near Norwich and the north of 
the Thames Estuary represent the offect of local markets. 

The soils on which wheat is most extensively grown 
, „ „ have boon sampled and analysed, and from 
the consideration of the results it appears 
that what may bo called the “ wheat and bean typo ” of 
soil possesses tlio composition shown in tho table overleaf. 
Provided that other factors, such as rainfall and climate, 
aro satisfactory, it should bo possible, by suitable cultiva¬ 
tion and manuring and drainage, if necessary, to grow 
excellent crops of wheat on soil of approximately tlie com¬ 
position shown above. The structure of the soil, at any 
rate, would not ho tho limiting factor of productivity. If 
the structure of a soil on which it is desired to grow wheat. 
differs widely from that shown in the table, then this 
structure might well limit the yield. 
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Composition of “ Wheat and Bonn " Soil. 
Boulder Ulny, lOnst Norfolk. 

I Vruon 1 ago, 


Stonos. 

Water . 

,'i-O 


Organia Maffcor . 

(HI 


Finn Gravel. 

)■•! 


Coarso Sand. 

•JIM) 


Fine Sand . 

21 .o 


Coarso Hilt. 

H-0 


Fine Silt .. 

0-2 


Clay. 

1(1-2 


Loss, including CaCO a •l-.'t. 

fi'd 


Total . 

1(10-0 

Tins is vory similar in somo ronpootH 

to tho type 

wlioat soil mentioned l>y Hall and Russell 

in tlmir mi 

of tlio South-Eastern UountioH, which lias tho follow 

composition :— 



Hall and HuhboII’h Wlioat Typo. 

Portion lago, 


Stonos. 

Water . 



Organio Maftor . 

Fine Gravol .. 

1-/5 


Coarse Sand. 

<1-0 


Fine Sand .. 

24 '4 


Coarse Silt.. 

22-0 


Fino Silt . 

lit-3 


Clay.. 

18-7 


Total. 
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This type grows wheat successfully in Kent, Surrey, anil 
Sussex, though it contains less sancl and more of the finer - 
grainod fractions than the Norfolk Boulder Olay wheat 
typo. 

Wheat, however, is not very particular as regards the 
structure of tho soil. It is grown successfully on soils as 
widoly divergent from the type as tho following:— 


Extreme Typos of Wheat 
Soils. 

Norfolk 
Glacial Loam. 

Suffolk 
Boulder Clay. 

Stones. 

_ 

_ 

Water . 

1'2 

4'7 

Organic Mattor . 

4 -3 

9 -7 

Bino G ravel. 

10 

•8 

Coarse Sand. 

237 

107 

Fine Sand . 

41 -3 

1C-0 

Coarse Silt . 

12 •£> 

1H) 

Bine Silt . 

7-7 

13 •5 

Clay. 

7'0 

20-0 

Loss, including OaC() ; , *13 
and '67 respectively 

1-3 

7-1 

Total . 

100-0 

100-0 


The Suffolk Boulder Clay contains a high percentage of 
clay for arablo cultivation. Tho clay is, however, kept in 
good working condition by tho presence of a high percent¬ 
age of organic matter and abundance of calcium carbonate. 

Hall and Eussoll found that potatoos in the South- 
Eastern Oountios were grown chiefly on soils 
o' 4 01 s ' derived from the Tbauofc sand. Their typical 
potato soil has the following composition. Side by side 
with it is shown the composition of a typical Eenland 
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Potato Soil. This 'is not peat, hut what is oallod i 
land, that is to say, land on tho boundary botwoou 
poat and tho clay. It grows a largo crop, which is m 
first-rate quality. 


Potato Soils. 

Hall and 
KusaoU’s Typo. 
't‘luuMkt»Kattda 

UivndiridgnHhi 
Kkirl, Laud. 

StonoH. 

Water. 



Orgauio Matter . 

Fine (travel. 

•i) 

•0 

Coarse Kami. 

20*0 

■<i 

Fine Hand . 



Coarse Kilt. 

ID'S 

19-0 

Fine Kilt . 

(1 0 

14-0 

Olay. 

!)'() 

18*0 

Loss, including ()a(J() : , 
and respectively ... 



Total . 




Barloy and turnips aro usually grown in tho samo rol 
tion, Tho turnips aro usually oonsmuod 
Barley Toils sheep foldod on tho land, Land suital 
for this stylo of fanning is, thoi'oforo, call 
“ shoep and barloy” land. Tho taldo opposito gives t 
composition of three barloy soils. 

Tho first is a typical barley soil from near tho north coa 
of Norfolk, which grows good crops of barloy of goc 
quality. The second is a thin soil on tho chalk, also fro 
the north coast of Norfolk, which grows barloy of oxcc 
lent quality, but cannot bo roliod upon to produce a goc 
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crop. Tlio analysis is not complete, becauso tlie soil con¬ 
tains nearly 30 per cent, of chalk. The method of me¬ 
chanical analysis doos not. give good results with such 
soils. The third is the typical barley soil of the South- 
Eastern Counties. It will be noticed that barley soils 
contain more sand and loss clay and silt than wheat soils. 


Hurley Solid. 

Typical Slump 
and Barley 
Soil. 

North Norfolk 
Boulder Olay, 

. 

North Norfolk 
Chalk, Grows 
good quality 
hut small 
yield. 

Hall and 
ItUBHoll’fi Type 
foii,fcU£« 
Counties. 





In tlio table on j>. 2 d, a ft or 
“Thanob Kami.” 


“Hall * Russell's Type ” deir.t,- 


r' ^ l,6#,U,, « " f tbe last aohium, for 
‘"l 10 * s -Lnmitjcs raid “Noil J22.” 


“ "Trmtn-TiTu -—r--m- 

Olay. 

Loss, inoluding CaOO a , 
2’0, , rospoo- 

tivoly . 

0-8 

3-1 

HJ 

O'C 

Total. 

100 -0 




All kinds of soils are used for market gardening, becauso 
the possibility of growing market garden 
Garden crops profitably depends more on tlio prox- 

Soiia, iinity of a good markot than on tlio suit¬ 

ability of the soil. Tlio following example 
is taken from the green sand near Biggleswft.de, whore 
early potatoes, white turnips, cabbages, carrots, Brussels 
sprouts, and other vegetables are successfully grown far 
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from any large market. Tlie soil is, therefore, presumal 
very suitable for sucli crops. 


Stones 

— 

Water 

... 1-2 

Organic Matter 

... 3-8 

Fine Gravel 

... H-8 

Coarse Sand 

... 50-1 

Fine Sand ... 

... 10-5 

Coarse Silt... 

... 7-5 

Fine Silt . 

... 8-5 

Clay . 

... 4-7 

Loss, including CaCO s ’06 

... 1-4 


100-0 


This soil, like most green sand soils, is deficient in caloiui 
carbonate, and grows the weeds associated with sour soili 
e.g. spurrey, sorrel, stinking May weed. 

Sufficient has been written to show the general idea o 
work of this kind. The amount of work already done 0 ] 
these lines in the United Kingdom is so great that it i 
impossible to give even an abstract of it. The abovi 
tables, however, show the composition of soils suitable fo] 
various types of farming as far as they are determined ai 
present. For further information readers should consull 
The Soils and Agriculture of the Souih-Hastern Counties, t 
by Hall and Bussell, published by the Stationery Office. 













CHAPTER III. 


THE WATER SUPPLY OP CROPS 
AND CULTIVATION. 

In the last chapter wo discussed tho general principles 
of ascertaining the 'kind of cropping for 
Water-Supply 'wkioh any particular area of soil is most 
suitable. Our next problem is tlie supply 
of water to our crops, for, as was poiutod out in Chapter I,, 
water is, at any rate in point of quantity, tho most import¬ 
ant factor in productivity, 

The first point to consider is tho amount of water 
required by various crops. This subject 
Water . lias j )QOn 11UIC ], studied in America, whore, 
Of Crops. especially m the dry climnto of some of tho 
Weslorn States, rainfall is more often tho 
limiting factor in productivity than it is ovou in tho 
Eastern Couutios of England, 

The following table givos in round numbors tho average 
weight of water required to produce 1 lb. of dry matter by 
several of the more important crops. Tho liguros given 
were obtained by Briggs and Sehaus! of the American 


Bureau of Plant Industries. 


Wheat 


PouikIh of vmtor rwiuiruit 
por lb. of dry maLlur 
proilnootl. 

... ... 

. 6 00 

Barley 

... ... 

. SCO 

Oats 

... ... 

. 000 

Clover 

... ... 

. 800 

Lucerne 

... ... 

20 

... ... 800 

bOu'cA 

r 

pfeo 

2.33 h 
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It will be noticed that the water requirements of vario 
crops per lb. of dry crop produced varies greatly. Furth< 
more, it has been found that all varieties of the same or 
do not show the same water requirement. For the presei 
however, we may aecept the above figures. 

Now the average wheat crop of the United Kingdom 
32 bushels of corn per acre, and say 20 cwt. of strm 
Since we are aiming at high productivity we will base oi 
calculations on a crop of 40 bushels of corn and 25 cw 
of straw. 

40 bushels at 63 lb. per bushel weigh 2520 lb. 

25 cwt. „ „ „ „ 2800 lb. 


Total produce of one acre of- wheat 5320 
Deduct 14 per cent, for moisture 745 


Total, dry matter por aero 4575 
4,575 lb. dry matter produced at 500 lb. per lb. = 
2,287,000 lb., or, in round numbers 1,000 tons of water. J 
good crop of wheat therefore requires at least 1,000 ton 
of water per acre. 

Now the water supply of the crop comes ultimately Iron 
the rainfall, unless of course the crop is 
Water irrigated, which is rarely tho case in the 

and Rainfall. 8 United Kingdom. Kainfall is measured ir 
inches, an inch of rain being tlie amount 
required to cover the surface of the land to tho depth oi 
one inch. It is easy to calculate the weight of rain 
required to cover an acre one inch deep. It is in round 
numbers 100 tons. A good wheat crop thereforo requires 
10 inches of rainfall. This is tho amount which actually 
passes through the plants. 

In the chief wheat growing districts of England tho 
annual rainfall is in the neighbourhood of 25 inches, and 
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in some districts of the Eastern Counties as low as -W 
inches. Only about half of this rain falls during the 
period when tho wheat is actively growing, so that the 
crop needs practically all the rain which falls during its 
growing period. This is the case too with other crops. 
When it is recognised that much of tho water which falls 
as rain flows off the surface of tho land by way of ditches, 
brooks, and rivers to the sea, without ever penetrating tho 
soil, and since it is also common knowledge that a consider¬ 
able amount of water evaporates from tho surface of the 
soil without in anyway helping the crop, it at once becomes 
obvious that the supply of water to tho crop is likely in 
many cases to be the factor which limits productivity. 
This is certainly the case in tho arid Western Statos of 
America, a,nd in many parts of India and Australia, and it 
is frequently true in the Eastern Counties of England. 
Having seen that rainfall is often likely to limit the 
yield of our crops, we can now turn to the 
« practical question of studying the methods 
by which the maximum proportion of rain¬ 
fall can be made available to our crops, lief ore we can 
proceed with this ouquiry, however, it is necessary that wo 
should learn a number of important facts about tlio state 
in which water exists in the soil, For this purpose wo 
must make a series of experiments. 

If we weigh 100 grams of coarse sand such as was 
separated from tho soil by the wire sieve in 
Sand ty ° f hhe -* aa * chapter, and pour it into a measuring 
cylinder, we shall find that after gently tap¬ 
ping the cylinder to make tho sand particles settle, tho 
100 grams of sand will occupy a volume of about 67 c.o. 
The apparent density of the sand is therefore or, 
almost exactly 15 grams per c.c.: wo say apparent density 
because the volume of 67 c.c. was filled partly by tho 


Density of 
Sand. 



32 THE WATER SUPPLY OP CROPS AND CULTIVATION. 


actual particles and partly by tlio air contained in t 
spaces between tlie particles. If now we pour the I 
grams of sand into a second measuring cylinder contai 
ing 100 c.c. of water, the sand will fall through the wal 
but the air will not do so, and the level of the water 
the cylinder will be raised by the volume of the partial 
only. The water will be found to have been raised to 140 c 
The volume of the sand particles is, therefore, 140 — 11 
= 40 c.c. The true density of the sand particles 
therefore, = 2'5 grams per c.c,, and of the 67 c 
originally measured, 40 c.c. was occupied by the partial 
and 27 c.c. by the air spaces between thei 
The air spaces in coarse sand thereto 
amount to about 40 per cant, of the volun 


Air Spaces 
in Sand. 


of the sand. 

Before leaving this experiment we should make oi 
more observation. If we notice the level of the top of tl 
sand which has settled through the water, we shall fir 
that the sand occupies 67 c.c., the same volume as tin 
which it occupied when it was moasured dry. From th 
we conclude that sand does not change in volume wlu 
wetted. When the sand is under water the 40 per cent. <: 
spaces are still tliero but they are now filled with wat 
instead of air. 

Another experiment will show tlio importance of thei 
spacos. Loosely plug the nook of a i'unn 
Sand ity ° f with a pledget of glass wool, Pour a fe 
drops of water on to the wool and tap tl 
funnel until no more water will drain away. Pour in 
the funnel TOO grams of sand and tap the funnel to mal 
the sand settle. Now pour on to the sand 100 c.o. i 
water. The water will find its way into the spaces betwee 
the sand particles almost at once, and. in a very short tin 
it will begin to run through the sand and to drain fro' 
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the funnel. Stand the funnel in a measuring cylinder to 
collect and measure the drainage. Tap the funnel from 
time to time to shake the drops of water from the nock. 
When no more water drains through read tlio volumo of 
the drainage, it will probably bo about 80 c.o. Subtracting 
this from the 100 c.c. of water poured on to the sand, it 
appears that the sand has retained 100 — 80 = 20 c.c., i.o. 
30 per cent, of the volume of the sand. 

We can now tabulate the composition by volumo of sand 
saturated with water; it will be:— 

Sand particles ... ... ... (50 per cent. 

Water . 80 ,, „ 

Air . 10 ,, „ 

100 

When heavy rain falls upon a soil containing a large 
proportion of coarse sandy particles, the 
Saturated water is not lost by running off the surface, 
Soil. but finds its way into the comparatively 

large spaces between tho particles, Such a 
soil will retain about 30 per cent, of its own volumo of 
water. The excess of water above this will percolate 
through the soil into the subsoil and may be carried away 
in the drains if there are any. But the spaces in such a 
soil are considerably more than 30 per cent, of its volume, 
in fact 40 per cent. Ten per cent, of tho volumo of tho 
soil is, therefore, still occupied by air, and this is important 
for both plant roots and microbes rocjuiro air as well as 
water, 

This is the course of events in a sandy soil with good 

Water-logged cll ' aina & r °' subsoil is impervious and 

Soil. ^ere are no drains, or if tlio drains are 

blocked, the water will fill all tho spaces to 
the exclusion of air, and-the soil will become water-logged. 

P. SOIL g 
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If this happens there will be no air to supply oxygen 
plant roots and microbes, and healthy growth will 
impossible. This is one of tlio reasons why good drama 
is so important. 

Now it is a mattor of common knowledge that wai 
like any other substance is pulled downwai 
api an y. ^ th e force of gravity. Why then does t 
sand hold water and prevent tho whole of the wai 
which falls upon it from running through it? Si 
another series of experiments is necessary to investigi 
this problem. 

Take half-a-dozen pieces of glass tube varying in d 
meter from say 1 cm. to the finest capillary. Clamp the 
so that they stand vertically with their lower ends dippi: 
in a dish of water, which should he coloured by dissolvi: 
in it a little potassium permanganate to make it me 
readily visible. Note that the water standB at a high 
level in all the tubes than it does in the dish, and fur tin 
that the narrower the tube the higher it rises. This is i 
important point and should he confirmed by a seem 
experiment. 

Thoroughly clean two sheets of glass, for instanco, t\ 
disused half plate negatives. Place them side by side 
that they are in direct contact at one end but separated 
a match stalk at the other. Pix them in this position 1 
a rubber hand or a piece of string, and stand them in 
dish of coloured water. Note that the water rises to 1 
the slit between the two sheets of glass, and that whilst 
rises only a very short distance where the slit is as wi 
as the match stalk, it reaches the top of the sheets whe 
they are in contact. 

Water will evidently rise to fill a narrow space, and t 
height to which it rises does not depend on the shape 
the space but upon its narrowness'. 
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Now we have seen, tliat there are spaces in sand. Au- 
otlier experiment will enable us to find if 
SC-* water will rise to fill them. Take a wide 
' glass tube, say about lialf-an-inch wide and 

one foot long. Tie over one end of it a pieoe of fine muslin 
or coarse linen. Weigh the tube thus propared. Pill it 
with sand and weigh it again. The increase iu weight will 
give the weight of the sand. Since the apparent density 
of sand is 1'5, the weight divided by 1'5 will givo tlio 
volume. Thus, weight of sand = 60 grams: 60 -4- 1*5 = 
40 c.c. Now clamp the tube filled with Band, so that it 
stands vertically with its lower end just touching tho 
surface of water iu a dish. Note that the water at onco 
begins to rise in the sand and that iu a short time tho 
sand is darkened by the water throughout its length. 
When this has taken place remove tho tube from 
the clamp, wipe tbe water from the lower end with a 
piece of filter papor and note that water does not drip 
from the tube, The water has evidently risen to fill tho 
spaces in the sand and is held there against tho pull of 
gravity, 

Now weigh the tube containing tho wet sand. It will 
be found to bavo increased in weight by about 10 grams, 
therefore 40 c.c. of sand lias raised from below 10 grams 
of water, or 25 per cent, of its volume. 

When we poured water into a comparatively shallow 
layer of sand iu a funnel, we found that it hold 30 per 
cent, of its volume of water. When the sand has to raise 
the water through a column of sand a foot high it only 
holds 25 per cent, of its volume. If we make a file scratch 
at tho middle of the tube, and weigh, each half separately, 
we shall find that of the 10 grams of water held iu the sand 
about 6 grams will be in the lower half and 4 grams in 
the upper half; and if we calculate from these figures the 
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composition by vuliuno of tho lower and upper halves, v 
Hliall liiul them to be:—. 

Lnwor llivir. Uppov Half. 

1 ’articles. (50 per cent. ... GO per cent. 

Will,or . HO .20 „ 

Air . 10 .20 „ 

'I’Iioho experiments show cloarly that sand holds water 
virtue of the smallness of the spaces hotwoon its particl 
and, further, that in virtue of these small spaces, sandc 
raise water to a considerable height, so that water wlii 
lias |iereolated t hrough the surface soil to the subsoil is i 
lost Imyond recall. This point, howevor, will need furll 
discussion. 

Now the property of water which causes it to push 
way into narrow spaces, even against • 
fa Uio^SoU^ 01 ' l m ^ KHivity, is called capillarity, or surf 
tension. To explain its eauso would load 
too far into theoretical physics—wo must bo satisfied 
accept it as a fact for the present at any rate. Wo sh 
however, gain some useful knowledge by one more exp' 
meat, If we cement a number of largo glass marbles 
the surface of a glass plate, so that tho marbles touch i 
another, as shown on tho annexed figure, and then cla 
Ihe plate so that tho glass is hold vertically over a la 
dish, we shall have a large scale model of a thin layoi 
soil. If now wo pour over the marbles some thin do 
coloured oil, which Hows much more slowly than cl 
water, wo shall bo enabled to see what takes place w 
water runs into tho soil, 

We shall notice that as tho oil finds its way among 
marbles it forms a skin, or film, over tho surface of c 
marble, and these Ilium move downwards until drops ol 
begin to form at the lowest point of the bottom rov 
marbles, If we continue to pour more oil on to tho 
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these drops will increase in size until they detach them¬ 
selves, and fall into the dish placed to catch thorn. 

If we now cease pouring and leave the apparatus for a 
short time, the oil will finally come to rest, forming a film 
round the marbles. 

It will be noticed that on the whole the film is thicker 
round the bottom layer of marbles than round tho uppor 
layers: that it is thicker at-the bottom of each marble 
than at the top : that it is much thicker where tho marbles 
touch each other and make narrow spaces: and that the 
oil does not fill the comparatively large spaces between tho 
marbles which still contain air. 

If a pad of blotting paper is now hold in contact with 
the upper layer of marbles, tho oil will bo 

of°Watorin seen to P asa ^ rom th® marbles to the blot- 

the Soil. ting paper, because the spacos between the 

fibres of the paper aro smaller than those 
between the marbles. As this takes place tho films of oil 
round the marbles become tliinnor, and, if tho experiment 
succeeds well, the accumulations of oil at tho points whore 
the marbles touch, and even tbo drops hanging from the 
bottom row of marbles, will be seen to decrease in size. 

The experiment may bo reversed by bolding the blotting 
paper in contact with the bottom row of marbles, when 
similar movements of oil will bo soon to tako place—more 
quickly in this case because they are helped by gravity. 

How this illustration may bo applied to tlio soil, Water 
is distributed through the soil ns films round tho particles, 
which are thin where the spaces aro larger, and thick 
where the particles touch, exactly as was noticed in the 
case of the oil among the marbles. Just as in tho case of 
the marbles, the water films in soil aro usually thicker in 
the lower layers. The water in tho films is capable of 
movement, and, as a matter of fact, is always in motion. 
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In the summer in dry weather water is withdrawn coi 
tinuously from the surface of the soil both by evaporatio 
and by the transpiration of the crops. This thins tl 
films covering the particles of the upper layers, and watt 
moves upwards from the deeper layers wliero the films ai 
thicker. This movement goes on as long as the weatln 
keeps dry. If the drought is veiy prolonged the store < 
wator in the deeper layers of the soil may not suffice 1 
maintain films up to the surface. The films in the upp< 
layers break, tho surface becomes quite dry and dust 
and the crop may not got onough wator to maintai 
growth. 

Tiie causes of this state of things are—(1) daficiei 
rainfall, (2) transpiration and ovaporatic 
Water" exceeding the rise of water from belo\ 

Movements. (3) insufficient storo of wator in tho low< 

layers of tho soil. Unfortunately, the rail 
fall is beyond our control. Transpiration, too, cannot 1 
checked, except by breeding now varieties of crops whic 
require less water per lb. of dry matter produced. Bi 
direct evaporation is readily prevented by the simple e: 
pedient of maintaining on the surfaco of tho soil a layer < 
dry soil, which the Americans call a soil mulch. This 
done by surface cultivation by means < 
Curnvation. shallow ploughing, harrowing, or by tl 
hand or horso lioe. When tho surface 
cultivated the soil, which is, so to speak, cut off from tl 
compacted soil below it, dries out at once and shields tl 
moist lower layers from, wind and sun, This at oni 
practically stops evaporation. 

The efficacy of such surfaco cultivation in maintai] 
ing the store of water in the deeper layers of the soil 
shown by the following figures taken from an experimei 
by King in America. The soil of a field wa.s sampled c 
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tlie 29th of April, and found to contain 68'8 lb. of water 
per square foot to a depth of 4 feet. Half the held was 
surface cultivated immediately after the samples were 
talcen. After a week of dry weather the cultivated and 
uncultivated parts of the field were sampled separately, 
and found to contain, where the surface had been culti¬ 
vated, 68'9 lb. of water; wliero the surface had been un¬ 
disturbed, 59'8 lb. of water; in each caso per square foot 
4 feet deep. Surface cultivation had evidently completely 
checked evaporation, whilst the undisturbed soil had lost 
9 lb. of water per sq. foot 4 feet deep. This is equivalent 
to 175 tons per acre, or If inches of rainfall, or nearly 
one-sixth of the total amount of water required by a good 
crop of wheat. 

This is perhaps an extreme case, but it serves to show 
the efficacy of surface cultivation in checking evapora¬ 
tion, and so conserving the water in tho soil. It shows 
also that the real point of surface cultivation is rather tho 
conservation of water than the eradication of weeds, 
though this is a sufiiciently deserving objoct to make iho 
operation worth the trouble and oxponso. 

But the store of water in the subsoil can bo increased by 
other methods than the checking of ovapora- 
Houghing. tion ky aurfaco tillage. During tho winter tho 
rainfall commonly exceeds tho evaporation, 
Consequently there is on the whole a downward movomont 
of water from the surface to the subsoil. This can bo 
assisted by autumn cultivation, by ploughing, for instance, 
so as to leave the surface as rough as possible. This is 
especially valuable in the case of a clay soil, which, being 
impervious, does not readily admit tho rainfall, much of 
which, therefore, flows off the surface if it is smooth. If 
it is rough, the water is held in the inequalities and slowly 
finds its way into the subsoil. 
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In an oxporimont at the Wye Collogo part of a liolcl v 
ploughed up rough in Iho autumn, whilst the rest of 1 
Hold ivas loft undisturbed. The percentage of -water 
the iirst two foot of soil at the beginning of the follow! 
March wore: autumn ploughed, lO’SJ per cent.; und 
turbod, 15-2 por cont. This corresponds to an inoroaso 
about CO tons of water por acre in tlio iirst two foot. If t 
inoroaso continued to 4 foot, as is probablo, 100 tons 
water, or 1 inch of rainfall, would liavo boon saved—ai 
this is 10 por cont. of tlio water required by a good who. 


crop. 


Summary. 


So far wo may sum up our conclusions as follows : —In 
dry climate, wlioro water is often the limi 
ing factor in productivity, wo should kec 
the surface well cultivated. This lots the water into tl 
soil in tlio winter, and prevents loss by evaporation in tli 
summer. Tlio particular typos of cultivation suitable fo 
winter and summer are subjects for the agrieulturie 
rather than l:ho chemist, 

Tiieso aro tlio principles which underlie what is knowi 
as “ dry farming.” Thoy aro praeticod in the arid state; 
of America, in India, and in Australia, wlioro it is fourn 
possible to grow profitable wheat crops with a rainfall o 
only 10 inches—loss than half the rainfall in the drios 
counties of tho East of England. But, in addition t( 
those principles, fanners in those arid districts resort tc 
two other expedients for conserving soil moisture. 

Subsoil packing consists in consolidating tho deepei 
layers of tho soil, whilst at tho same time 
tho surfaco is kept loose. Tlio loose surface 
admits tho water, and tho smallness of the 
spacos in the consolidated subsoil holds it when it gets 
there. We carry out this process in England by running 
stock on our arable land. Smnll-footod animals like sheep 


Subsoil 

Faulting. 
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are especially valuable in consolidating' the subsoil, and 
this is one of the reasons why sheep are considered to be 
essential to the maintenance of tho fertility of the light 
lands in the Eastern Counties. But it must not he for¬ 
gotten that the benefit of this “ subsoil packing ” will soon 
be lost if the surface is not cultivated as soon as the 
animals leave the land. 

The second expedient of the “ dry fanner ” is to givo 

„ „ „ the land frequent bare fallows. When tho 

Bare Fallows. . . PJ ,, 

rainfall is not sufiicient to grow a profitable 

crop every year, ho grows a crop in alternate years, or 
two crops in three years, and he is careful to pro vent 
evaporation by continual surface tillage when the land is 
fallow. Thus the rain which falls on the fallow is con¬ 
served in the subsoil for the next crop, 

So far we have dealt mainly with tho methods of con- 
Rolling serving the rainfall so that it may be in the 

soil when our crops want it. But cultiva¬ 
tion can effect another purposo. Whon crops are growing 
we try to encourage the soil to koop its moisturo in tho 
deeper layers where the wind and sun cannot roach it and 
the roots of the crops can. But when we havo just sown 
seeds, and especially small seeds, wliioh must not bo put in 
deep, we want the water near the surface so that it can 
moisten the seeds and cause them to germinate. 

How we have learned that tho films of water round tho 


soil particles will move from any part of tho soil where 
the spaces are large to any other part where tho spaces are 
small, and we can easily make the spaces at tho surface 
small by compressing the surfaco with a roller, This is 
usually done immediately after sowing seeds. It brings 
water to the surfaco and hastens germination. But it is a 
wasteful process, for when water comes to the consolidated 
surface much of it is lost by evaporation. As soon, there- 
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fore, as tho young plants have grown largo enough to l 
easily distinguished and made linn enough root hold, tli 
surface should he tilled at onco with harrows, horse hoei 
hand hoes, or in some other manner to create a soil mule 
and ebook loss by evaporation. 

A propor understanding of these general princqiles o 
conserving tlio soil water and moving i 
PrinTiplea of ^ r01u ono ^ ft y 01 ’ tho soil to another ii 
Tillage, fundamental for tho propor porformanco o. 

the art of cultivating tho soil. Tho snbjeci 
is of tho greatest .importance, yet it has not up to the 
presold received systematic investigation in tho United 
Kingdom, It is for this reason that wo lrnvo boon com¬ 
pelled to draw most of our illustrations from results ob¬ 
tained by American iuvosfcigntors. 

Tho reason, no doubt, is to bo found in tho fact that the 
necessity of conserving tho soil wator is moro urgent in 
countries where tho rainfall is often bolow ID inchos than 
in our more favoured land, whoro in no district does it fall 


bolow 20 inchos. Indeed it is seldom recognised in Eng¬ 
land that water supply is so generally tlio factor which 
limits productivity. If it were, wo should suffer loss 
frequently from advertisements ol 1 patent manures, inocu¬ 
lations, and other such nostrums, for which it la' claimed 


that they will double the productivity of the country. It 
is certain that no such incroaso can ho made in the yield 


per acre of cereals on the eastern sido of England, except 
by oither increasing the rainfall or broodiug new races of 
crops whioli will produco their dry matter by tbe use of 
much less wator than is required by varieties at present 
cultivated. 



CHAPTER IV. 


THE SUPPLY OE WATER TO CROPS. 

WEATHER. 

In the last chapter we discussod tlie principles of culti¬ 
vation from tlie point of view of thoir power of rendering 
available to our crops tlie water which, falls as rain, and 
we came to the conclusion that much might be achieved 
by cultivation in the way of conserving the water supply, 

But the rainfall varies so widely in different districts 
that, in spite of till the efforts of the farmer 
andTpes to re S l| k* e tho water in the soil by eultivu- 

of Farming. tion and drainage, tho amount of water pre¬ 

sented to the roots of crops is so widely 
different in different parts of tho country that this factor 
has been in many cases predominant in deciding tho typo 
of farming. We cannot regulate the rainfall, but it is 
advisable*that we should learn something about so impor¬ 
tant a factor, and first about its connection with typos 
of farming. 

Map 5, on page 44, shows the average annual distribution 
of rainfall throughout tlie Unitod Kingdom. Broadly 
spealring the rainfall is lowest on tho East Coast where it 
is in the neighbourhood of 25 inches, and highest in the 
mountainous regions of Devon and Cornwall, Wales, the 
Lake District, and tho West Coast of Scotland whore it 
rises to 40, GO, or 80 inches and iu some districts oven 
higher. Maps 6 and 7, pages 45 and 46, show tho relation 
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Map 6. Showing distribution op Wiwat in England and Wai.hh, 
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of agriculture to rainfall. Wheat growing, which means of 
course arable farming on the four course or similar rota¬ 
tion, is concentrated in the Eastern Counties ai - ea of low 
rainfall, and is hardly practiced at all in the regions of 
high rainfall in the West. Cattle are concentrated in the 
West of England and in Wales, whore the rainfall is 
high, and concentration of cattle means grass as opposed 
to arable farming. 

Other factors besides rainfall have probably played a part 
in the segregation of farming practice, Arablo farming 
is for instance better suited to the flat lands of the East 
than to the hilly country of the West. Again, the altitude 
of much of the land in Cornwall, Dovon, Wales, and 
Scotland is too great for many of the crops grown on 
arable land. Rainfall, however, must he considered the 
predominant factor which has determined the broad 


segregation of amble husbandry in the East and paBtornl 
husbandry in the West. 

Rainfall affects the farmer in many ways besides supply- 


Weather 

Forecasting. 


ing water to his crops. It may prevent his 
cultivating his soil, if the soil contains much 
clay, and so hinder sowing. It may delay 


the harvesting of his hay and corn, and interfore with his 


operations in a variety of ways which will readily occur to 
readers who have heard the farmer’s proverbial grumble 
about the weather. Now most if not all the fanner’s 


weather troubles possess one point in common—the farmer 
could obviate them, or take measures to lessen the damage 
they may cause, if he could ascertain in advance when 
they were coming. Although we cannot show the farmer 


how to control the weather, we can at any rate tell him 
the general principles of weather forecasting. 

Many attempts have been made to show that good and 
bad seasons occur in regular succession, that there are 
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cycles of wot and dry years connected witli the appearanc 
of sun spots and otiior phenomena. Sir William Beverklg< 
lias recontly worked out a cycle showing a connectioi 
hotwuon woathor in different countries, prices of agri 
eullural commodities, faminos, and other happenings, Inr 
it is not with weather forecasting of this kind that we arc 
concerned. 

What tlio farmer wants to know is not tlio broad out¬ 
lines of what the woathor may ho in tiro next year or two, 
hut details of tho woathor lie may expect in the next 
24 or 48 hours, li'ovbimatoly tho scienco of meteorology is 
now able to provide fairly roliable forecasts of this kind, 
and we shall now proceed to discuss the basis on which 
such forecasts are prepared, 

Tlio barometer is tho instrument whoso indications are 


Tho 

Barometer. 


tho basis of woathor forecasting. This instru¬ 
ment consists essentially of a glass tube 
about a centimeter in diameter, and not less 


than 82 inches long. It is filled with morcury from which 
all tho air lias boon expelled by boiling, and is inverted so 
that its open ond dips into a vossol containing mercury. 
The mercury falls a little way from the closod top of tho 
tube so that tlio difforoneo in lovel between the mercury in 
the tubo and in tho open vossol is about 30 inches. At 
this point tlio morcury eomos to root. If tlie tubo was 
inverted carefully so that no air was allowod to enter, tho 
space above tho morcury at tlio closod ond of tlio tube will 
contain nothing except tho morost trace of morcury vapour. 
Such an ompty space is on,llod a vacuum. 

Bet us now fix our attention on the small quantity of 
morcury contained in the tubo where it dips into the 
vessel. This layer of meroury is at rest and tlio forces 
acting upon it must therefore balance oach other. Those 
forces are (1) the weight of tho mercury in tho tube above 
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tliis level, wliicli is measured by tbo difference of levol 
between the top of the mercury in the tube and the sur¬ 
face of the mercury in the vessel, and it is acting down¬ 
wards ; (2) the pressure of the air on the surface of tho 
mercury in the vessel which is transmitted through the 
mercury and acts upwards. These two forces must be 
equal or the mercury would move upwards 
the Ah 6 ° f or downwards. The height of tho mercury 
in the tube therefore measures tho pressuro 

of the air. 

The following experiment will perhaps make it oasior to 
realise this conclusion, The barometer ns described above 
is so arranged that the vessel containing the- mercury is 
placed inside a glass bell-jar. If air is pumped out of this 
bell-jar, the mercury falls in the barometer tube. If air is 
now allowed to flow back into the bell-jar the mercury 
rises again. The height of the mercury in tho tube there¬ 
fore measures the pressure of the air. 

The simplest way 'of measuring this height is to 
place a scale alongside the tube with one one! of the 
scale just touching the surface of the mercury in tho 
vessel. The difference in level of the mercury in tho 
tube and in tho vessel can then be read off directly. It 
will be found to be about 30 inches or 700 mm. Occasion¬ 
ally it may be as low as 28j- inchos or as high as 
3l£ inches. 

Many variations from this simple form of baromotor are 
in common use, but this is not the place to describe them. 
If we understand how the barometer measures the pres¬ 
sure of the air and what its readings mean, that will 
suffice for the purpose we have in view, and we can now 
proceed to enquire what is the connection between tho 
pressure of the air as indicated by tho barometer and the 
approaching weather. 

P. SOIL 
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Boforo modern methods of meteorology were discovered 
wo wore satisfied with a vory simple expla- 
autl°Woathor. ,u ^* ou ' The density of dry air is about 
1*3 grams per litro. Tho density of water 
vapour is only '8 gram per litro, both measurements being 
made at standard temperature and pressure. Dry air is 
therefore much heavier than water vapour, consequently 
tho more water vapour the air contains the lighter it will be, 
and tho Iohs will bo tho pressure it will exert, A low baro¬ 
meter would therefore indicate that the air contained much 
water vapour, and this in turn would indicate the probability 
of rain. This explanation is, howovor, entirely inadequate, 
anti wo must sock further, and avail ourselves of tho 
systematic records mado by the Meteorological Office. 

Those records are not tho work of a single person, but 
of a largo control organisation working in 
Motoorology collaboration with observers at about 100 
stations scattered ovor the country from the 
extreme West of Ireland to the East of England and 
.Scotland, from tho Soilly Islands to the Hebrides, together 
with many stations outsido tho United Kingdom, as, for 
instance, in Iceland, in Scandinavia, and in France and 
Spain. At several lixod hours each day oacli station sends 
by telegraph to tho central office tho readings of tho 
barometer, thermometer, hygrometer, and various other 
instruments, together with particulars of the force and 
direction of tho wind, tho appoaranco of the sky, and other 
observations, 

At tho central office the particulars from all the stations 
are entered on a blank map, and when this 
Woablior > s c om pleted the headquarters stall have 
* ‘ before them a picture of tho weather through¬ 

out tho British Isles and the surrounding seas and countries 
at tho moment when the telegraphic particulars are sent off 
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by the observers. In recent years each station telegraphs 
particulars to headquarters four times every day, and a map 
is prepared each time. The headquarters staff have there¬ 
fore thousands of continuous records, each of which in¬ 
cludes barometric and other instrumental readings side by 
side with particulars of the weather, 

From a consideration of these records they have been 
able to draw definite conclusions as to the connection 
between the readings of the barometer and the typo of 
weather experienced. These conclusions enable tho staff 
to forecast the weather with considerable certainty, 

To learn how this is done we must examine several typical 
weather maps, andfirst, onoin which only baro- 
ForBoasting^ metric readings are included. Ma,p 8, p. 52, 
was prepared by entering on a blank map the 
barometric readings received from all the stations, and then 
drawing lines joining neighbouring stations at which tho 
same reading was observed. These lines along which tho 
barometer gives tho same reading are called isobars, or linos 
of equal pressure. In this map they form concentric rings 
round a central area of low pressure, and this distribution 
of atmospheric pressure is very commonly obsorved. 

Map 9, p. 58, is identical with Map 8 but wind observations 
have also been entered. Notice that tho wind appears to 
circulate round the central area of low prossure, but with 
a distinct tendency to turn across the isobars towards tho 


centre. Such a pressure distribution, and its accompanying 
Cyclones circulation of winds is called a cyclone, or a 
depression. It is a kind of gigantic eddy in 
the air, and is frequently several hundred miles across. 


Experience shows that a cyclone is almost invariably 
associated with a certain type of weather, as shown in 
Map 10, p. 54. To the east of the system tliore is rain with 
a south or south-west wind. Except on the West side where 
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Map 8. Showing! Dihtriiiution oir PiuassoEis in a 
Cycmnm. 

The blaok lines are tlio isobars. 
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there are local fine areas, the rain extends all round the 
system, and the belt of rain is more or loss completely 
surrounded by a circlo of cloud. 

Such a cyclone or depression is not stationary. It 
usually travels eastwards across Ireland and England or 
Scotland. The rate at which such systems travel is not 
always the same, but as a rule they cross the British Isles 
in two or three days. The direction of travel is usually 
from west to east, hut it may vary from south-west— 
north-east to north-west—south-east. Occasionally a low 
pressure system travels from east to west, in which caso 
its rate of motion is usually slow and it may bo accom¬ 
panied by very prolonged rain. 

As a cyclone passes any particular place an observer 
would notice the following succession of 
of'weather phenomena. First the barometer would 
begin to fall and clouds would appear. 
These would increase and chango in typo from high clouds 
to much lower rain clouds. Meantime, with a continually 
falling barometer rain would begin and continue for sonic 
time. As the centre of the system passed the barometer 
would begin to rise and presently tliero would bo fine 
intervals alternating with showers. Tliero would also bo 
changes in the wind, but these would vary according as the 
observer were south or north of the centre of the systom— 
if he were south of the centre, tho wind would change from 
east through south to south-west and finally to wost, If ho 
were north of the system the change would ho from oast 
through north-east and north to north-wost. 

Organised observations have, therefore, established a 
" ' definito connection botwoon a certain dis- 

and°Weatiier. k'ikution of atmosphoric pressure as observed 
by the barometer, and tho succession of 
weather with which it is associated. A single observer 
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cannot predict with certainty from a single reading of liis 
barometer what tlio weather will he. Such predictions 
can only he made by a control staff supplied from a large 
area with many observations from which a map can he 
made, The headquarters staff got their first indication of 
an approaching cyclone from the announce- 
aHimcle° aBtB UUVH *' (V *- a billing bavomoter accompanied by 
cloud and changing wind at cortain stations 
on tlio west coast of Ireland. The direction of the 
change of wind tolls thorn whothor tlio centre of the 
system is to the north or south of those stations, and 
from their experience of the direction in which such 
cyclones travol they can predict which part of tho country 
is likely to be affected. Accordingly, they issuo a fore¬ 
cast that a cyclone is approaching tho west coast of 
Ireland, and is likely to disturb tho weather during tho 
noxl. 2<li hours, and to causo rain in tho South, Midlands, 
or Worth of England or in Scotland. At the same 
time they can predict tho probable changes in direction 
of tho wind from tlio position of tho contro of tho cyclone, 
and of its force from tlio reported rate of fall of the 
barometer. 

Six hours later, when tho next sot of tolograms arrive, the 
cyclone has probably advanced over Ireland and part of 
Wales and England. A now map is made which shows 
more definitely the path and character of tho cyclone, and 
makes it possible to issuo a more detailed forecast for the 
various districts of the country. 

About 120 cyclones cross tlio British Isles every year, 
or on tho avorago one overy three days. This 
Froqnonoy of g i VOf) au jdoft 0 f the extent to which the 
Oyolonea. WQat])01 . itJ dominated by this form of pressure 
distribution, and the importance of its recognition in 
weather forecasting. 
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jJI in nol, however, tlm only typo of pressure distribution 
which inlhioueos {fclio woathor. Sometimes 
n i.p. mum. ^ ma p H ]„ UVH a pimsuro distribution of an 
entirely dilVerenttype, uh illustrated in Map 11, p, 57. Here 
I lie iHolmr.H again form a series of concontvio rings, but the 
centre in occupied by nn area of high pressure. The winds 
.mailt nppniu' to circulate round tho centre,but in a direction 
opposite to (1m,I, in wliifli they circulate round tiro contro 
of a eYelmm, and (hoy tend to crown tho isobars outwards 
1'iMiit ibo ivntro. 'Pliny am also of much loss intensity 
limn is llio ouso in a nyclonn. ^ 

Snidi a pmsMitm distribution is called an anticyclone, 
from dm fuel, dial, its pressure distribution, its wind 
i Hviihilhm, and dm lypn of weather with which it is 
mimicialod urn entirely different from those characters in 
dm cane of a cyclone, 

Am regards tlm typo of weatlion a oyolone is a rapidly 
moving system and is consequently associated 
TpM of with cliangoahlo weathor; an anticyclone 
ZThnll' moves very slowly and moans sottlod weather. 

In it, cyclone the isobars uro near together, 
dm pressure gradient is rapid and tho winds avo strong. 
In nit iiiiltevel.iim the isebars are wide opart, tho pressure 
gradient slight and I,lie winds of litblo force. A cyclone 
b< usuulty asKociated with cloud and rain, An anti- 
tneleim usually means continued lino weather without 
,,'nmh eh,ml, but frequently with mists in tho snmmor and 
fug or frost, in the win tor. 

When dm weather map shows an anticyolomo pressure 
distribution, (ho headquarters staff at tho 
Autlnyctaiio. fvp.p i, no logical Oflico are ahlo to forecast 

titled weather, ligtit winds, with liltlo cloud and no ram, 
pnm.ihlv mists in l ho Hummer, and fogs or frost m ■_» 
winter.* This type of weather will continue until tho anti- 
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cyclonic distribution is disturbed by a cyclone approaching 
from tlie Atlantic. Finally anticyclones do not develop 
as frequently as cyclones. 

Other types of pressure distribution also occur, which 
are less defined in character than cyclones 
of Weather 8 an( ^ an ti cyclones. They are probably a sort 
of no man’s land between cyclonic and anti- 
cyclonic distributions outside the British area. Their 
character and the type of weather with which they are asso¬ 
ciated are somewhat indefinite, and during their existence 
forecasting is difficult, The above account of the methods 
of weather forecasting is of course a mere outline, but it 
may serve to show that substantial progress has been made. 

Although the weather cannot be controlled, 
Forecasts forecasting is now accurate enough to warn 
the farmer what weather to expect at lon.st 
24 hours ahead, and with such warning' he can often make 
arrangements which will, for instance, mitigate tho effects 
of rain at harvest-time. Where the daily newspaper 
arrives too late, or if an evening forecast is desirahlo at 
certain periods, the Meteorological Ofiico will sond tele¬ 
graphic forecasts to any address by arrangement. 

In the course of this discussion wo havo referred, to rain, 
mist, fog, olouds n.ud frost, and bolero closing 
C)fclicr the chapter it seems desirahlo to give a briof 

Phenomena. account of tho causes and offects of those and 


other meteorological phenomena which are of 
importance in agriculture. Most of those phenomena are 
related directly or indirectly to tho presence of water 
vapour in the atmosphore, and it will bo useful to study 
this subject first. 

Let us sot up a barometer as explained above and note 
tlie height at which the mercury stands. Lot us now in¬ 
ject a drop of water by moans of a curved tube into tho 
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open onil oi' tho bnromoter tubo, Avhoro it dips into tin 
mercury in tlio upon disli. Tho water, being 
in Ww Alrf° Ur mU(> ' 1 liwbloi’ than tlio mercury, will rise tc 
tlio top. After a fow minutes avo will again 
nolo tlio height of tlio mercury. Wo shall find tlmt it has 
1’allou by 10 to If) milliinotros, 

Wo Avill now Hiimmud tho baromoter tuho with a Avicler 
tube which wo Avill (ill Avitli Avator warmed to 40° 0. Wo 
shall notion (hat tho lovol of tho mercury falls again, this 
limn by about 50 nun. Wo Avill uoav roplaoo tho water at 
•It)" (!. by boiling water, or bettor still by steam, when avo 
shall find (hat tho moroury falls so far that it is at the 
saino lovol inside the tube as it is in tho open dish. 

The proseiioo of Avator on tho surfaoo of the mercury in 
a barometer tube, thoroforo, enusos tho moroury to fall, and 
tho extent of tlio fall depends on its temperature, At tho 
boiling point of water tho mercury falls by 
o UK on ■ (,j 10 t| j ] 10 jgii|; 0 j the barometer. The ex¬ 
planation of those facts is that water gives off vapour 
which exerts pressure on tho surfaco of: the mercury and 
forces it down. At the boiling point, tho pressure is equal 
(o (he pressure oil the air. At lower temperatures the 
pressure is smaller than, tho pressure of the air: at the 
ordinary tempomfuro of a room it is about 10-15 mm. 

'['ho point, is that Avator at all tomporaturos gives off 
liioasiumblo quantities of vapour. This is 
Evaporation. ( , uu [' unrtCK p by the common experience that 

water exposed to (ho air evaporates, or, as we say dries up, 
and turns into vapour Avhich is carried aAvay by the air. 
This process continually goes on in nature, water evap¬ 
orating into tho air, from tho surfaco of tho 
Evaporation ant \ from ponds, lakes, rivers : also 

™ NaWirt5 ‘ from tho surfaco of tho soil when it is wet. 
Plants continually send water vapour from their leavos into 
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tlie air by the process of transpiration, and the respiration 
of animals also supplies the air with large quantities of 
water vapour. 

It is easy to show that ordinary air contains Avater 
vapour. A flask filled with very cold Avater immediately 
gets dimmed with dew which is water vapour condensed 
from the air by the cold surface of the flask. This Avater 
vapour in the air is the source of clouds and rain, clouds 
being water vapour condensed to very small drops by 
cooling, and rain being formed when the small drops in 
a cloud run together into large ones. Dew is formed 
when the surface of the soil, the leaves of plants, tho 
roofs of buildings or otlior surfaces become cold enough 
Dew . during the night to condenso Avater vapour 

from the air. This happiens in clear calm 
weather Avlien there are no clouds to prevent tho radiation 
of heat from the surface of the ea.rth into space, and no 
wind to keep the air moving and cause evaporation. A 
considerable deposition of dew is therefore characteristic 
of anticyclonic Aveatlier as a consequence of the absence of 
cloud and wind. 

During such weather, the cooling may proceed so far as 
Frost. cause frost, in which case, instead of dew 

being deposited, the deposit will be hoar 
frost. Erasts produced in this way frequently cause groat 
damage to early potatoes, strawberries and other tondor 
crops in the spring or autumn. Tho damage is usually 
greatest in the valleys, bocauso the cooling of the surface 
of. the ground cools the lower layers of air and in 
doing so increases their density. Tho dense cold air flows 
down into tho valley and remains there getting colder 
through the night. It is cold air rather than cold soil 
which causes most of tho damage in late spring or early 
autumn frosts. Attempts have been nmdo to prevent such 
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damage by lighting fires of green. wood or other material 
which makes much smoko, tho idea being that the 
smoko will form a cloud and provoni cooling by radia¬ 
tion. Thin precaution would of course only bo used 
when tho woablior forecast prodictod tho possibility of 
frost in Ja(o spring or early autumn. Although it is 
ihooroiioully good, it has nob boon used successfully on a 
largo Hcalo. 

Tho evaporation of water from tho surface of moist soil 
Latent Hoat id vow rise to quite another important problem. 

Wo know that when wo turn water into 
steam by boiling, tho application of heat is neces¬ 
sary. The quantity of heat required to convert water 
into water vapour is very large. It is called tho 
latent hoat of evaporation. When tho dry winds of 
spring evaporate water from tlio surface of moist soil 
latent hoat must be provided in some way. As a matter 
of fact it is taken from tho soil and tho soil is therefore 
cooled. 

This 1 h not tho only way in which moist soil is prevented 
from getting warmed in tho spring. If we 
poo o oa.', UU)aHU1 , 0 a puukor 100 e.e, of cold water 
and thou pour into it 100 c,o. of boiling water, wo shall 
tlml that the mixture will have a temperature of about 
05°0. II! wo now measure 100 c.o. of dry soil into a second 
bunker and pour on to it 100 c.c. of boiling water, on 
stirring the mixture with a thermometer we shall find 
that tho, boiling water haw wanned tho dry soil to over 
H0° (J, Since tho same quantity of hoat was usedin each 
case, namely, tho amount of hoat contained in 100 c.c. of 
boiling water, it is evident that a givon quantity of heat 
warms a given volume of dry soil to a much higher degree 
than, it warms tho same volmno of water. In physical 
language wo say that the specific heat of wator is higher 
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than that of soil. It is clear, therefore, that a wot soil 
will require more heat to warm it in the spring than a 
dry soil. 

A wet soil is, therefore, cold in the spring, both bocauso 
the high specific heat of the water it contains 
Wet Soils make it warm slowly, and bocauso tho 

evaporation of water from the surface will 
cool it by the absorption of latent heat of evaporation. 
And in a soil which is cold in the spring both crops, 
and the microbes which prepare nitrates for crops, will 
be late in starting to grow. Consequently a wot soil 
will be a cold soil and a late soil. This state of 
things can only be remedied by drainage and surface 
cultivation. 

The rate at which a soil gets warmed to a suitable 
temperature for plant growth in tho spring 
sl°ope rand i® a l so affected by its colour and slope, 
When the sun’s rays fall upon a surface 
some of them are reflected aud some Absorbed. Only 
those which are absorbed servo to warm tho surface. 
The proportion absorbed depends on tho nature of the 
surface. A bright smooth polished surface reflects nearly 
all the rays which fall upon it and consequently gets warm 
very slowly. A dull hlaclc surface absorbs nearly all the 
rays which fall upon it and gets warm very quickly. Dark 
coloured surfaces absorb well, light coloured surfaces 
absorb badly. Consequently, other things being equal a 
dark coloured soil will get warm in the spring more quickly 
than a light coloured soil. 

The proportion of rays absorbed also depends on tho 
angle at which the rays strike the surface, being greater 
as that angle approaches a right angle. Consequently a 
soil which slopes to the south will got warmed more 
quickly in the spring than a soil which slopes to tho north. 
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One more effect of climate will finish the chapter, and 
that is the effect of frost. When water is 


Effects of 
Frost. 


frozen to ico its volume increases consider¬ 
ably, and this increase in volume is capable of 


exortiug vory great force, so much so that pipes are burst 


when water froezos inside them. This increase in volume 


plays an important part in disintegrating the soil. When 
a heavy clay soil is ploughed up rough in the autumn, 
the clods on the surface absorb the winter rains so that 


their pores are filled with water. When this water freezes 
to ico iusido the pores, the solid clods are torn apart by 
tlio expansion. When the ice thaws, the clods easily fall to 
pieces. After such treatment a clay soil works readily in 
the spring as soon as it is dry enough. 



CHAPTER V. 


VARIOUS SOIL CONSTITUENTS. 

In Chapter II. we studied the methods of sampling soil, 
and separating it into fractions consisting of particles of 
various sizes. We must now proceed to study the proper¬ 
ties of these several fractions, with a viow to discovering 
their effect on productivity. II; will he useful to repeat 
the form in which the results of a mechanical analysis of 
a soil are entered :—• 



Tor Cent. 

Stonos . 


Pino Gravel . 

Coarso Sand . 

Pina Sand. 

Coarse Silt. 

Pino Silt. 

Clay .. 

Organio Mattor or Humus 

Water . 

Loss, ohiolly Caloium Carbonate 

Total ... 



p. soil, 


CD 
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Pino Gravel. 


Wo need not. waste t.imo in discussing l.lio part piayed 

atonoH '’i r iu 1,10 H0 *l- Hi will suffice to 

‘ H ‘ 1 remark that thoy provide no food for plants, 

lml, that by covering tho Hiirfaco thoy servo to hinder 
twepomlion from the soil. This not only conserves water 
for him iiho of tlm crop, but cheeks tho cooling effect ol 
evaporation. 

kino gravel also needs but littlo discussion. It is' 
Holdom presold; in any considerable quantity, 
no rave. , |ll( | y; 0 |ds ll( , plant "food. If it affects pro¬ 
ductivity at all, it dons no by tending to make the soil 
upon and l’roo working, from the investigator's point of 
view, tliONO two frao.tioiiH, stones aud lino gravel, are worth 
attention. By examining thorn ho may often find indica- 
l ioim of Urn geological origin of tho noil, 

(Journo nanil iH usually ono of tlm most abundant con¬ 
stituents of a soil. It consists for tho most 
Ooor»o ant. 0 (> g )u i ua 0 f crystallized quartz, or 

Hillcu, and, as such, contains no plant food. But sand, as 
separated from a soil, is by no moans pure quartz. 
Among its grains are found many fragments of the 
miuoruls wluoh composed tho rock from which tlm soil 
was derived. Tho identification of those fragments may 
often, give u duo to tho origin of tho soil. Tho properties 
of Hand have already boon discussed in Ohaptor III., when 
it was shown that sand was porous, not very retentive, 
ruthor dense, but possessed of small cohesion. It was 
shown that a mass of sand particles possessed considerable 
capillarity, and would raise water very rapidly to a consider¬ 
able height. Band is, therefore, a valuablo 
Value of H( ,ii constituent: it keeps the soil porous, 
0MuU so that it can absorb tbo rainfall: though it 

is not very retentive of water*, it can raise water vapidly 
from the subsoil; though it is heavy from tho point of 
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Fine Sand. 


view of density its particles are large and without coliesioh, 
so it keeps tlie soil open and easy to cultivate. 

Fine sand differs only in degree from coarse sand. The 
comparative smallness of its particles makes 
it less porous and more retentive, and gives it 
ratlier greater power of raising water. As a rule it con¬ 
tains a smaller proportion of quartz and a larger proportion 
of particles of rock-forming minerals than does coarse sand, 

Silt, and especially flue silt, is a much less desirable 
constituent than sand. Fine silt particles 
are small enough if they are abundant in a 
soil to' make the soil rather impervious, so that it doos not 
absorb rainfall readily. Such soils also are apt to be 
cohesive and sticky when wet, and to dry into a hard cake 
on the surface. Soils in which fine silt predominates aro, 
therefore, very troublesome to cultivate. Nor can they be 
improved by liming, as is the case with clay soils, as will 
be seen later. Silt particles are in part finely divided 
quartz, but among them are many lino particles of undo- 
composed minerals which supply potash and pliosphato for 
plant food. 

Olay, which consists of the finest particlos in the soil, is 
clay entirely different in many respects from all 

the other fractions. Its particlos are smaller 
in size, and possess a characteristic chemical composition, 
Olay particles are formed from the minerals contained in 
the parent rock, not merely by mechanical reduction in 
size, but by chemical change, which results in the 
decomposition of the minerals and the recombination of 
some of their constituents with water. 
Clay is, in fact, hydrated aluminium silicate, 
'g • 2Si0 3 . This is the formula of kaolinito, or 
pure china clay. In the clay, separated from a soil, some 
of the water is replaced by oxides of potassium, sodium, 


Composition. 

I*i» 

H 3 0. A1„0 : 



VAKioua son, constituents. 


calcium, and magnesium, and iron oxide is also present. 
Tlie formula may, therefore, he written— 

‘ H„0 ! 


Fe 3 0 3 


Oompounds similar to this in composition are found in the 
minerals known as zeolites. These zoolitos occur naturally 
in crystalline form. Their examination lias thrown much 
light ou the properties of clay aud its behaviour in the 
soil, and it seems probable that clay is similar to the 
zeolites in composition aud in many of its properties. 
Sineo it contains potash, magnesia, aud lime, clay is valu¬ 
able in tho soil as a soureo of plant food, but its physical 
properties are so overpowering that we must give to them 
our first attention. 

Lot us first repeat with dry powdered clay the experi¬ 
ments we made with sand, which are de- 
Fr/'erties scribed on p. 30. The first thing we shall 
notice is that, when we pour water on to 
clay, tho water ponotrates tho clay very slowly. Olay is 
non-porouB, or, as we say, impervious. This property 
may, howovor, bo modified to a considerable extent. For 
instance, if wo acidify tho wator before we pour it on to tho 
clay it will penetrate the clay much moro quickly. If, on 
the other hand, we mako the water slightly alkaline, by 
adding to it a few drops of sodium hydroxide solution, it 
will not enter the clay at all. 

Tho samo condition of absolute imperviousness may also 
he attained by puddling the clay, that is to 
Puddled Clay. g£| ^ working it rvhen wet into a plastic mass. 
Puddled clay is commonly used to line ponds in a porous 
soil so that they may hold water, 
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Lot ns now weigh out 100 grams of dry powdored clay, 
and measure its volume. Wo shall find that 
Clay ity ° f & fills about 100 c.c., so that its apparent 
density is 1 gram per c.c. The apparent 
density of sand was l - 5 gram per c.c. In point of density 
sand is, therefore, much hoarier than clay, and a sandy 
soil is consequently heavier than a clay soil. Wlion tiro 
farmer describes a clay soil as heavy and a sandy soil as 
light, he refers to the power required to drag cultural 
implements through them, and not to their densities. 

We will now pour our 100 grams of dry powdered clay 
into a cylinder containing 100 c.c. of water 
m Clay 063 80 c % particles will fall through 

the water, leaving the air which occupied 
the spaces between the particles. This experiment re¬ 
quires much skill and patience. If wo succeed wo shall 
find that the clay particles will raise the lovol of the water 
to 140 c.c. or thereabouts. The volumo of tho clay par¬ 
ticles is, therefore, 140 — 100 c.c., and. their true density 
-Vo 0 ', or 2'5 grams per c.c. In tho original dry clay the 
volume of the particles was, therefore, 40 c.c, Tho total 
volume of the clay was 100 c.e., so that tho air spacos 
must have occupied 100 — 40 = 60 c.c., or 60 per cent. 

Tho air spaces in powdered dry clay occupy a much 
larger proportion of the total volumo than 
Clay Is Wby C ^° ^ 10 a ' r s P acoa sand, and it is not 

Impervious. because there are no air spacos that water 
cannot ponetrate into clay. Tho roason is to 
be found in tbe very small size of the individual particles. 
Coarse sand particles vary in diameter from 1 mm, to 
•2 mm, Clay particles are all smaller than '002 mm. in 
diameter. The smallest coarse sand particles are, there¬ 
fore, 1,000 times larger in diameter than the largest clay 
particles. The spaces between individual particles of clay 
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will, therefore, bo at leant 1,000 times smaller than the 
corresponding spaces in sand, The spaces between day 
particles are, in l'aot, so very small that wator can hardly 
get into (hem because of tho friction developed between 
ilm wafer and (ho surface of tho particles. 

Friction is proportional to surface, and King has found 
that in a given volume of a clay soil, tho area of tho sur¬ 
face of Iho parlieloH is about 10 times as groat as tho area 
of the Hurfaco of tho particles in tho same volume of a 
sandy noil. It is obvious, therefore, that the friction 
developed when water trios to lind its way between the 
parlieloH el' a clay soil is very groat—it is, in fact, so 
great UN to nmho tho movement of water in day extremely 
slow. Thus, although tho smallness of tho spaces between 
the particles of day should give it tho power of raising 
wafer to a groat height by capillarity, the rate of rise 
may bo imuto ho slow by friction that surface rooting 
plants in day soils may suiter before water can reach them. 

1 ad us return once more to tho experiment, and note the 
level of (ho top of tho clay partiolos, which 
Olay oxpanda nettled through tho wator in the 

measuring cylinder. Tho top may be rather 
indefinite, bull it will bo easy to see that the day which 
Oiled lOU o.o, when dry iills a greater volume when wet. 

'Plus incimHo may bo due either to tho particles thom- 
koIvoh h welling when they soak up wator, or to tho water 
pushing thorn apart. Which of these causes is tho true 
reason we do not know, but wo do know that clay expands 
when it is wet, for it also contracts when dnod. 

If we take a news of wet day and roll it out into a long 
column rather more than a metre long, we 
Olay noutraold (UU1 measure tho contraction. To do 

In drying. ^ ^ Uvo M .vatohoB, exactly a motre 

apart, mi the column of day, which is laid out on a board. 
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We measure tlie distance between these scratches from day 
to day as the clay dries, when we shall find that by the 
time it is dry and hard it will have contracted by more 
than 5 cm., i.e. by more than 5 per cent, of its longth. It 
is this contraction of clay in drying that causes the forma¬ 
tion of cracks in clay soils in dry weather. 

The expansion of clay when it gets wet, and its contrac¬ 
tion on drying, takes place in all directions, 
Foundations not on ^ horizontally but vertically, and is 
capable of exerting enormous forco. It is a 
phenomenon which causes trouble in buildings whoso 
foundations are laid partly over clay and partly over somo 
other subsoil. The clay expands and contracts according 
to the amount of rainfall, whilst the other subsoil does 
not, so that the part of the building- over the clay will bo 
alternately raised and lowered. Sometimes this causes 
serious cracks in the structure. 


We have noticed when experimenting with clay, and 
especially when trying to make water per- 
Colioid. a colate into it, that tho presence of acid or 
alkali considerably affects its properties. 
We shall find it worth while to piu-suo this subjoct. 

Q-rind up a little clay with distilled water, and shako 
the cream so produced with a largo quantity of distilled 
wator. Allow the mixture to stand for a few minutes so 


that the grit may settle, and pour the slightly turbid 
liquid into a series of gn.s cylinders, so that oacb cylinder 
contains about 100 c.c. To one cylindor add 2 c.c, hT/10 HOI, 
to the second 1 c.c. H/10 HOI, to the third 1 c.c. N/10 HnOl, 
to tlie fourth 2 c.c. hi /10 CaOh, to the fifth nothing. Stir tho 
liquid in the cylinders, and then leave them to stand. In 


Coagulation a sl,ort timo tlle day in the cylinder to which 
2 c.c. H/l 0 HC1 was added will bogin to settle, 
and very soon the liquid in this cylinder will bo clear with 
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all the clay ill. tho bottom. Soon the clay in tlie other 
cylinders to which acid, or salts wore added will begin to 
settle, and before long tlmy, l,oo, will become clear with all 
their clay at the bottom. 

bn order to find out what takes placo wo may put a drop 
of Mm turbid liquid, on a microscope slide and examine it 
with a very high powor. Wo shall see the clay particles 
as minute specks in rapid, quivering motion. If we now 
put a drop of hydrochloric acid on the slide so that it 
touches the clay liquid, wo shall see that, as the acid 
cotuoH in contact with the clay particles, they ran together 
into composite larger particles or “crumbs,” and cease 
moving, 

Olay particles exist in two states: as soparate particles, 
which are so small that they lloat indefinitely in pure 
Water j as larger compound, particles, or crumbs, which sink 
through, water in a comparatively short time. Tlio change 
from, the first state to the second is called coagulation, or 
flocculation. It can bo brought shout by acids or salts. 
Acids avo most active in coagulating clhy. Salts of 
divalent metals, such as calcium, aro almost as active as 
acids, Halts of monovalent metals, like sodium or potas¬ 
sium, are much less active. 

This coagulation of clay by salts is responsible for 
many important natural phenomena, The proverbial 
(dearness of trout streams in chalk or limestone districts 
is duo to the presence of calcium bicarbonate in the water, 
which, flocculates tho clay and causes it to sottlo out 
quickly and leave the stream clear. 

The coagulating powor of the salts in sea-water hastens 
the settling of tho clay brought down to the sea 
by muddy rivers, and is a powerful factor in the 
formation’of alluvium in tho estuaries of rivers of this 
kind. 
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Effect of 
Nitrate of 
Soda on 
Clay Soils. 


The fact that alkalis keep the clay particles in the 
separate floating condition explains the 
harmful effect of nitrate of soda on clay, 
soils. Plants have more need of the nitrate 
than of the sodium, and when they absorb 
the nitrate the soil becomes alkaline. This 
prevents the clay from flocculating, and clay 'which is not 
flocculated is very difficult to cultivate whon wof and dries 
into a hard cake, This harmful effect of nitrate of soda 
can be prevented by using with it sulphate of ammonia, 
which tends to make the soil acid. 

When coagulated or flocculated clay is more porous, its 
particles do not stick together so closely, and 
Clay Soils 11 ° f ^ tl ier °f 01 ’ e works more oasily, and it does 
not cake on drying. The art of managing a 
clay soil is, therefore, to keep the clay flocculated, and tlio 
most potent factor for achieving this end is a good supply 
of calcium carbonate in the soil. A soil which works 
badly should he sampled aud analysed, If it is found to 
be deficient in calcium carbonate it should ho limed, 
chalked, or marled. The fact that lime is alkaline some¬ 
times causes confusion, because alkalis provent floccula¬ 
tion. Lime, however, when applied to the soil, vory quickly 
absorbs carbon dioxide aud becomes calcium carbonate, 
This is converted by the carbon dioxide in the soil-water 
into a soluble salt, calcium bicarbonate, which activoly 
flocculates the clay particles. 

The,flocculation of clay can also be destroyed by work¬ 
ing it when it is wet. Such treatment breaks up the 
compound particles, and reduces the clay to a plastic 
condition, in which it dries to hard clods which may 
not break up until freezing in winter tears them apart 
by the expansion of the water when it freezes in their 
pores. 



VAIUOUH HOT1, CONSTITUENTS. 


If Wit try In define tho pi'iiporbios of clay wo shall find it 
impossible to do so, except in relation to 
Colloid. il« surroundings. Olay in tlie presence of 

alkali is an excessively lino powder, the par¬ 
ticles of which Jloat indefinitely in water. 'When mixed 
with only enough water to wet it, a plastic mass is formed 
which can ho moulded into any desired shapo, which 
is rolniuod on drying. Olay in contact with acids or 
salts consists of much larger compound particles, which 
settle rapidly out of water. It does not readily become 
plastic. 

This chtiviu'tcml.ic. of possessing properties which vary 
with the surroundings is shown by a large number of 
Hulwltuvces, White of ogg, or albumen, for instance, 
as it exists in the ogg is a thick glairy liquid. When 
heated it. becomes a white insoluble solid. It is also 
coagulated by acids, but not by alkalis. Such sub- 
stances are called colloids, from their rosomhlanco to 
gelatine or gluo, which in French is called colle, Clay 
itt a colloid, and, as wo have seen, its properties are 
modified by its surroundings. In managing a clay soil, 
what we have to do is to take advantage of this, and 
modify the proportion of tho clay as wo have seen 
above. Boils in which lino silt predominates are as 
heavy to work as olay sods, and, as tho silt is not colloid 
in nature, its properties cannot bo modified by liming 
or other treatment. Such soils are, therefore, more 
difficult than clays because wo have no way of improving 

them. , . 

Tim soil fraction known as organic mattor, or humus, 
differs altogether from sand, silt, and clay, 
Hunum. because, whilst they are composed of inor¬ 

ganic or mineral materials, lmmus consists chielly of 
carbon, hydrogen, and oxygon, with a little nitrogen, and 



VARIOUS SOIL CONSTITUENTS, 


75 


contains very little mineral matter or ash. It differs 
Origin also in origin, for it arises from the partial 

decomposition of vegetable and animal 
matter, the remains of former crops or mamirings, and not 
from the decomposition of rock or rook fragments. The 
changes which result in the formation of humus will be 
studied when we deal with farmyard manure. Here we will 
accept it as a soil constituent and study only its properties. 

, It is difficult, in fact almost impossible, to separate 
Leaf Mould Immus from the soil, so we must be satisfied 
with using for our experiments the crumbly 
material obtained by rubbing well rotted leaf mould 
through a fine riddle, and drying it. 

If 100 c.c. of such material is weighed, its weight will 
Dansity ^ ouu ^ to ^e about 35 grams, and its 

apparent density is, therefore, about ‘35 gram 
per c.c. It is impossible to find the real density by the 
method used for sand, but by other methods the real 
density is found to be about 1-2 grams per c.c.; 35 grams, 
therefore, occupy only about 30 c.c. Consequently 100 c.c. 
must contain 70 c.c. of air spaces. 

If 100 c.c. of dried leaf mould is placed in a funnel and 


_ 200 o.c. of water poured on to it, the water 

EetentiveneoH. runs readily into the leaf mould. If a 
cylinder is placed below the funnel to catch 
the drainage, it will ho found that considerably loss than 
100 c.c. will run through. The leaf mould must, there¬ 
fore, have retained more than its own volume of water, 
This is possible because it swells up when wetted. Leaf 
mould, therefore, combines in a high degree the two 
valuable properties of porosity and retentiyeness, and is a 
most desirable soil constituent, for it admits the rain and 
holds it as well. It is porous because its partiolos are 
fairly large, and, consequently, have large spaces between 
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Mhmii. It, is vtitonl.ivo because its particles still retain 
ivtUH'H of their vegetable origin j u tlio form of tlie tubes 
ami vessels which existed in the plants from wliicli thev 
were forum, 1. Mach particle is, in fact, not a solid particle, 
hut a sort of sponge. The water readily finds its way 
between (lie particles, and is then drawn into the very 
Hinall spaces insido the particles hy capillarity. 

The particles of humus do not stick together like clay 
particles, hut they are more coherent than sand particles, 
(hmseipuiutly humus decreases the collusiveness of clay, 
anil makes it easier to work, hut increases the coliesiveness 
el sandy soils, improving the texture in oitlier case. 

Ilosides earl ion, hydrogen and, oxygon, humus contains 

Composition, ]*' ,fcl,( *K on phosphate and potash, but in an 
insoluble condition, and, therefore, out of 
the vouch o£ plants. But, being an organic substance, it 
is net exempt from decay, and, as decay proceeds the 
nitrogen phosphide and potash become soluble and avail¬ 
able to crops. 

Humus, thoroforo, acts as a store of plant food in the 
soil, I t may ho regarded a,a part of the capital of the soil, 
which, by continual decomposition, yiolds interest in the 
form of nitrateH and other soluble plant food salts. From 
tills point of view it would he vanishing capital were it 
net continually replaced by the remains of crops, by 
application of farmyard or other organic manures, or by green 
manuring. The maintenance of a propor stock of humus in 
the soil by these methods is most important, and is known 
as keeping the soil in good heart, or good condition. 

Tho rate of decomposition of humus doponds on two 
main factors, aoratiou of the soil, and the 
Iiftho IjoU^ 01 * ] ,r,)H01U!0 calcium carbonate. Aeration 
depends on drainago and cultivation. In 
well-drained and cultivated arable soil, aeration is good 
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and humus decomposes rapidly. Consequently the pro¬ 
portion of humus is seldom high in such soils. 

In grass land there is, of course, no cultivation, and 
humus consequently tends to accumulate. 
Grass Land aoouHrulation of humus in grass land is 

increased when the soil is deficient in cal¬ 
cium carbonate. Under these conditions the surface of 
the soil may he covered with humus in the form of a mat 
of partially decayed grass roots several inches thick. 
Such a state of things may provide a soft surface for 
horses to gallop on, but is not conducive to the pro¬ 
duction of good herbage for either grazing or hay. Very 
thorough harrowing in winter, followed by a dressing of 
lime or basic slag, or both, will rapidly cause the oxidation 
of the surface humus, and improve tho herbage. 

Enormous accumulations of lmmus also occur in prairie 
land under certain conditions. When such 
Prairie Land. laud is broken up, tho humus decomposes 
very rapidly when the soil is aerated by 
cultivation, and in decomposing yields much available 
plant food. This is the reason why brokon up virgin soils 
will grow corn crops for many years without manuring, 
Eor the same reason old grass land whon brokon up will 
yield heavy crops for some time if wire worm and other 
pests can be circumvented. To a loss degree also, land 
which has been under grass for even two or three years is 
found to have accumulated much fertility, and this method 
of maintaining fertility has taken a pormanont place in the 
practice of many districts. 


When vegetable matter Las decomposed in contact with 

Neutral an abimdant ^PPty oi calcium carbonate, 

Humus. t]ie aoida formed in the process, known col¬ 

lectively as humic acids, are found to have 
combined with the calcium carbonate. The resulting humus 
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consists largely of calcium humates. This is the state of 
things in most soils, and in the peat of- the Cambridge¬ 
shire) fens. Humus of this kind is neutral, and immedi¬ 
ately fertile. To prepare liumic acid from it, the best 
method is first to decompose the calcium bumates with 
hydrochloric acid. Aftor tlio OaCl 2 and the excess of 
1101 have boon removed, by washing, the humic acids 
dissolve easily in ammonia, forming a dark brown solution. 
On acidifying this solution, tho humic acids arc precipi¬ 
tated as brown Hooks. 

In many oases, however, humus has beon formed by the 
decay of vegetable matter in the absence of 
our urnus. ca ] ( .j unl carbonate. Under these conditions, 
tho humus is acid or sour from tho presenco of much free 
humic acids. This is the case in moorland soils deficient in 
calcium carbonate, and in peats formed in districts where 
tho water and the soil contain no calcium carbonato. 
Such humus is atorile for ordinary crops, and can only 
bo made fortilo by continued applications of lime or 
calcium carbonato, combined with good cultivation to 
promote n,oration. 



CHAPTER VI. 


CHEMICAL EXAMINATION OE CHOPS 
AND SOIL. 

In our discussion, of tlie factors wliicli govern the 
productivity of the soil we found that in 
^actomTof addition to supplying the crop with water, 
Productivity, oxygen, and warmth, the soil must also 
provide the plant with food in the shape of 
compounds of nitrogen, phosphoric acid, potash and lime, 
together with a number of other compounds which are of 
little practical importance. Wo must now turn our 
attention to the study of these important factors of pro¬ 
ductivity, nitrogen, phosphoric acid, potash and lime, in 
order that wa may find out how much of each of them our 
crops require, and how they get it from the soil; how much 
the soil contains, and liow we can recognise and make 
good deficiencies. 

The accurate study of this branch of the subject began 
over one hundred years ago, and from that 
only one^ date up to about thirty years ago it formed 
Factor. the most important, indeed almost the only, 

branch of agricultural chemistry. Wo still 
recognise the importance of tlie supply of plant food to our 
crops as shown by the fact that we use annually in Great 
Britain nearly two million tons of artificial manures, but 
we recognise nowadays that manuring oven when based on 
analyses of the soil is not a panacea for all the difficulties 
we encounter in crop production. 

We recognise also that chemical methods will not enablo 
79 
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uh to iiml out all wo ought to know about the way the soil 
supplies food to ouv crops, and in this and the following 
chapters we Hhull have to utilise facts discovered by agri¬ 
culturists, botanists and bacteriologists in order to arrive 
at a satisfactory answer to the problem before us. 

for the present we will limit our enquiries to nitrogen, 
phosphoric acid, and potash. Lime comes 
Nitrogen, in rather a different category, Practically 
A.oid l> and° HI> ^ H UIUI H11 FIA.V crops with all the lime 

potash, they require, but many soils roquiro lime or 

chalk to maintain thorn in a good state 
of texture and cultivation and to prevent them from be¬ 
coming sour. Lime is, therefore, used rather to improve 
the soil than to feed the crops. This is officially recognised 
in the feeding Stuffs and 'fertilisers Act which only 
includes nitrogen, phosphoric acid, and potash among 
the fertilising ingredients of manures. 

The first problem then .is, how much nitrogen, phosphoric 
acid, and potash do our crops require ? This 
Mtuuirltd question is readily answered if wo know 
orT5 U ° ntfl ll,u> weight, of each crop per acre, and the 
percentage of nitrogen, phosphoric acid, and 
potash which it contains. 

As to the weight per acre of each crop, we can easily 
liud average figures from tho statistics of the Ministry of 
Agriculture. Hut wo will not bo satisfied with average 
crops. Wo will base our calculations on good crops, In 
the case of wheat for instance, tho average crop is about 
four quarters per acre, but we will assume that we ought 
l-u grow live quarters, and that this amount of grain 
corresponds to 1 ^ tonn of straw. 

The average of many analyses of wheat grain, and straw, 
show that the grain contains L8 per eout. of nitrogen, 
q, a mt. of potash, and ■« per cont. of phosphoric acid, 



CHEMICAL EXAMINATION” OE CHOPS AND SOIL, ol 

ancl the straw -45 per cent, of nitrogen, '62 per cent, of 
potash, and '22 per cent, of phosphoric acid. 

We'can now calculate the amounts of nitrogen required 
by a good crop of wheat as follows:— 

4 quarters of grain at 504 lb. per quarter = 2016 lb. 

1J tons of straw = 3860 lb. 

2016 lb. grain containing 1'8 per cent. N. = 36 lb. 1ST. 
3360 lb. straw „ '45 „ „ ,, — 15 „ ,, 

Total requirement for grain and straw = 51 lb. N. 

2016 lb. grain containing '8 per cent, phos¬ 
phoric acid = 16 lb. 

3360 lb. straw containing '22 per cent, phos¬ 
phoric acid = 7 lb. 

Total requirements for grain and straw = 23 lb. 

20161b. grain containing'5 per cent, potash = 10 lb. 
33601b. straw „ '62 „ „ „ = 21 lb. 

Total requirements for grain and straw = 81 lb. 

A good crop of wheat therefore requires per acre about 50 lb. 
of nitrogen, 201b. of phosphoric acid, and 301b, of potash. 
The following figures have been ascertained by similar 


methods:— _ 

Orop. 

Lb. per ftoi’o. 
Nitrogen. Phoapliorio 
Aoiit. 

JPotftflh. 

Wheat, 5 qr, and straw 

... 51 

23 

31 

Barley, 5 qr. and straw 

... 50 

21 . 

35 

Oats, qr. and straw ,,. 

... 70 

27 

60 

Meadow hay, lj tons 

... 50 

.12 • 

50 

Clover hay, 2 tons 

... 100 

25 

85 

Beans, 4 qr. and straw ... 

... 80 

30 

70 

Swedes, 15 tons and leaves 

... 100 

22 

80 

Mangolds, 25 tons and leaves 

... 150 

50 

300 

Potatoes, 6 tons and haulm 

... 70 

25 

80 


These figures do not include the nitrogen, phosphoric 


p. soil 5 
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“I’ Vi’ ' C " n( ; MU< m thu «£ the cereals, 
KJiimw-k Wll | beans, and m Um smaller roots of the swedes 

Those roots remain in the 

f'T' ' , UU ' I h " y ‘W «M«r uitrogm, phosphoric 

H< hi, mnl ]iolnnli I a 1 ,coiiio avails,Llo to crops, 

'I’lio lignins show Unit I,lm amounts of nitrogen, phos- 

tocndratnent# ,,1,0m “ l<1 l ,otewl1 by crops 

Of &r ,m «»MlHim«vwIy small, especially in the 
»mMl. on so of 1,1m ooroalN. ThiN is worthy of note, 

, ,IH cornilH are commonly regarded as 
oj'“im wlimli oxlnumfc the noil. It is stranger still 
Urn.!. I ho roof orojm, which am usually considered to he 
mm urn five nupn from Urn point of view of Cortility, should 
I'nipiim from tlm Noil vory much more plant food than the 
ooroaht. Kvit lontly wo must reviHO our ideas on the sub- 
joot of exhausting ami msfomtivo crops, for cereals do not 
exhaust, tlm Hull of plant food, and root crops do, 

Tim mnl iIifluramiQ between those crops is that cereals 
toots a coyer Iho ground all the summer and make 
Oioaning Or op. d t flic 11 It to cultivate the soil and keep 

down woods, Boot crops are sown late, 
ho (hat much donning can lie done before they are sown. 
tutor.culUvaUon can then ho continued almost all the sum¬ 
mer, because 1,1 icy are sown in rows wido enough apart to 
admit, of cultivation botwoon thorn. By growing root crops 
Urn farmer is enabled to clean and cultivate his land. It is 
in thin that the veal restorative power of the voot crop lies. 
Tlm large amount of nitrogen required by the leguminous 
crops, clover and beans, should also he noted, 
Ntlropn Although those crops require so much nitro- 
bsgumlnoni K ,,u » they do not exhaust the soil of this 
ooiiHtituont, because they have a spocia.1 
power of gutting their nitrogen from the air through the 
agency of microbes which are found on fhoir roots. This 
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point will be dealt with, more fully later. It is interesting 
here because it shows that the presence of a high propor¬ 
tion of nitrogen in a crop indicates rather that the crop 
possesses a special way of supplying itself with nitrogen 
than that it specially needs nitrogenous manure. Hence 
we cannot get reliable information about manuring a crop 
by the simple method of analysing the crop and compound¬ 
ing the manure according to its (the crop’s) composition. 

Nor does ordinary chemical analysis of the soil give 
direct indications as to manuring, as is 
Amounts of shown by the following considerations. If 
Phosphoric we analyse an ordinary arable soil wo shall 

Acid, and find that it contains, as a rule, between 

Soils! 11 ” 1 1 an< l 'IS per cent, of nitrogen, between 
•15 and -2 per cent, of phosphoric acid, and 
between ‘3 and •8 per cent, of potash. 

We can readily work out these figuros per acre, for wo 
have already found that an acre of soil nine inches 
deep weighs about 2J million pounds. On this basis an 
ordinary soil contains the following amounts per aero in 
the first nine inches:—Nitrogen, 2,500 lb. to 3,750 lb.; 
phosphoric acid, 3,750 lb. to 5,000 lb.; potash, 7,500 lb. to 
20,000 lb. The roots of crops penetrate the soil to a 
much greater depth than 9 inches, in many eases to a 
depth of 3, 4, or even 5 or 6 feot, so that, although tho 
deeper layers of the soil may not be as rich in plant foods as 
the top nine inches, we are safe in estimating that tho 
amounts of nitrogen, phosphoric acid, and potash within 
reach of the roots of crops are, at least, four times tho 
amounts contained in the top nine inchos, i.e. of nitrogen 
about 10,000 lb., of phosphoric acid at least 15,000 lb. 
of potash at least 30,000 lb. 

Comparing these figures with tho amounts required by 
crops, it is evident that ordinary soils contain enough 



• !»! MX-.U. KXAMINATION O If (JltOPS AND SOIT.. 


j.S sn* 1.1 pruvide fur, at least, 100 years’ continuous 
‘ L f fi j<|*ui|* Kv'ehuitly ordinary analysis of soils is not 
l*t« U to give us very direct, imitations about manuring, 
Uovi, itioa, an< we to attack tlio problem ? First, let us 
*ee if manuring is necessary, During the 
mlwiriuii * IUi( thirty years hundreds of manuring ex- 
jiei'itnettis have boon maclo in all districts of 
the »>»nntty. These experiments have shown conclusively 
that, mm on soils, which arc found by analysis to contain 
the i-uonnoiw Mores of nitrogen, phosphoric acid, and 
[,,.i,(iib •(tinted above,(he application of, say, 20or 26 lb. of 
utiiogcii in l be form of nit. rule of soda usually increases 
tho vt (teal, barley, or oat yield by as much as one quarter 
j-et acn* Now, even n.1, present pricos, 1 cwt, of sulphate 
„f atiotomia mu be applied at a cost not oxcooding 25s., 

1 quarter of wheat sells for 95s„ so that manuring of 
tlu-t tool t*t built nm'ssary and 

Again, it tow l«*on found Lha: • r ■ ■ ' 50 lb. 

»t pl.mpborte acid, in the form or 4 owti. or superphos¬ 
phate, often iuttrauiiis the swodo crop by as much as three 
or four lotto (ter aero. The cost of 4 cwt. of superphos¬ 
phate is at most !«'»-. ami swedes tire worth about 20s. 
Lf tow. Here, again. Huob manuring is profitable. 

1a, rim iwmutes are not so commonly produced by the 
.oitthmluin of poltudt, but the writer has experimented in 
„!ul district, where Urn use of 1 cwt. of muriato of potash 
„cm,cd the yield of barley from 10 bushels l«e to 
U,,hok [Kir aero, awl this result was obtained on a sod 
,n which chemical analysis indicated quite a normal store 
ui m.Uwh. We may conclude, therefore, from, the results 
„ f Lid ex[H*rimeuts that judicious manuring is g“lly 
.I,,, mvcmtrv and prottUbta. How, then, are wo to find 

r;:.«« »» j »***** ° f 

n«pa aw l wil will not holp us V 




CHAPTER VII. 


TESTING- THE SOIL. NITEOGEN. 


Limits of 
Manuring. 


After our discussion in the last chapter, from which we 
concluded that manuring was both necessary and profitable 
if it could be done judiciously, it will perhaps clear the air 
if we return to our factors of productivity, so that we may 
he quite certain where we are. 

Of the many factors, only a few can bo dealt with by 
manuring. We can, by manuring, enable the 
soil to supply the commonly dolicient plant 
foods, nitrogen, phosphoric acid and potash. 
We can by liming, chalking, or marling remedy the 
troubles which occur when the soil is deficient in chalk. 
To a certain extent we can improve soils deficient in humus 
by large dressings of farmyard manuro, or by groen manur¬ 
ing. All these things can be done pi'ovided wo can find 
some method of recognising the deficiencies which is more 
searching than ordinary chemical analysis. 

The best method, if time and trouble are no object, is 
that to which we referred in tlio last chapter, 
Experiments. ^ 1Q mefc h°d of field experiment. This mothod 
in its simplest form is Usually carried out by 
what is known as the 8-plot test. It is carried out as 
follows: 8 equal plots, usually i acre each, are marked 

8S 
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“til mi ii. uniform Hold of land which in typical of the 
district. Them* plul-H n.ro manured as follows :— 

t*1**1 I. Complete niainim supplying nitrogen, phos¬ 
phoric acid and potash, 
plot Nitrogen and phosphoric acid only, 
l'lol It. Nitrogen and potash only. 

Plot *.t, Pol ash and phosphoric acid only. 

Plot 5. Nitrogen only. 

Plot 15. Phosphoric acid only. 

Plot 7, potash only. 

Plot K. Uninannrod. 


All I ho plots are similarly cultivated, and sown with the 
name sample of seed on the same day, so that their treat¬ 
ment differs only in manuring. The produco of the plots 
is hiirvi'Mlcil and weighed soparatoly, and the results 
entered as in the annexed table which refers to an experi¬ 
ment willi harley. 

Afunuriiiff. Field, Bushels of Barley. 


Plot 1. 

Complete manure. 

... 52 

Plot 2. 

Nitrogen and phosphoric acid. 

... 51 

Plot it 

Nitrogen and potash 

... 50 

Plot 4. 

Phosphoric acid, and potash 

... 32 

Plot fl. 

Nitrogen only . 

... 50 

Plot ii. 

Phosphoric acid only 

... 31 

Plot 7. 

Potash only... . 

... 30 

Plot H. 

Uiimamu’od . 

... 30 


These nwiills am interpreted in tho following manner. 

Tim effect of nitrogenous manuring is shown 
Jnferiirntallon |, y |.] K , difference between plots 5 and 8, and 
offttraUa. | | J, twimu plots 1 and 4, which is 20 bushels 
in each ease. Wo infer therefore that tho soil is deficient 
in nitrogen for the barley crop, Similar y the effect of 
phosphoric, acid is shewn by comparing plots 1 and 3, and 
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plots 6 and 8. These differ by 2 and 1 bushels respectively, 
and we therefore conclude that the soil is not appreciably 
deficient in phosphoric acid for the barley crop. 

The use of potash only on plot 7 produced no increase 
above the unmanured plot, and the potash applied in the 
complete manure to plot 1 only increased the yield above 
plot 2 by 1 bushel. Evidently the soil is not doficiont in 
potash for the barley crop. Our final conclusion from tho 
whole experiment is that, from the point of view of the 
barley crop, the soil is deficient in nitrogen but not deficient 
in either phosphoric acid or potash. 

The defects of this method are (i) that it occupies a 
whole season, (ii) that it involves much 
Method. 0 * trouble, (iii) that it gives different results 
with different crops, and (iv) that on account 
of the lack of uniformity in the soil, in the attack of 
insect and fungoid pests, and in other conditions, the 
results are not reliable unless the experiment is repeated 
many times. In view of these defects in tho fiold expori- 
ment method of testing soils, we still require a method of 
testing a soil in the laboratory which will toll us if it is 
deficient in nitrogen, phosphoric acid, or potash, and if it 
lacks calcium carbonate or humus. 

We must, therefore, try to discovor such a method, and 

Nitrogen. we ' v ! i11 be B in with nitr °gen. Let us first 
enquire why an ordinary chemical analysis 
fails to tell us when a soil is deficient in the power of sup¬ 
plying nitrogen to crops. Botanists havo found out that 
a plant absorbs its food from the soil through its root- 
hairs, which are situated only on tho smallest and thinnest 
rootlets. These root-hairs have coll walls, and tlio food is 
absorbed through the cell walls by the process known as 
osmosis, and must therefore bo in solution in the soil 
water before it can be absorbed. 
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Now almost tho whole of tho stow o£ nitrogen in tli 
soil exists iu the form of humus. Humus i 
lURolulito. HoluHlo iii water, ami its nitrogen i 

tliorofuro not available for fowling crops 
This explains at mien why a soil containing 10,000 lb. pe 
iuui> uf nitrogen, within roach of Iho roots of a croj 
may ho unable to provide that crop with as little a 
fill lb, of nitrogen, II, also explains why the total amoun 
of nitrogen in a soil as found by analysis does no 
give reliable information as to whether tho soil require 
lulrugi'uouH manure. The dilUeulty is that a soil ma 
contain abundance of nitrogen which is not available t 
crops, 

h’or practical purposes what wo want is a method fc 
liudiug out if tho soil contains availahl 
Avutlutiln nitrogon, Lot us turn once more to tb 
' ,s 'plant., Botanists have found that plant 
illmurh their nitrogen from tho soil in tho form of nitrat 
initially calcium nitrate. Available nitrogen is, therefor 
nitrogen iu the form of nitrate, and wo shall get the infoi 
million we are looking for if wo can find if tho so 
contains nit rate, 

Fiii’luiiatoly, this can lie done quite oasily Localise a 
' nitrates nnt very soluble in water. Tali 
TmtfbiK for | () ^ nullH „f |.] 10 soil, which must he a freslil 
' fakou saiiiplo, shako it up with 50 c.c. c 

distilled water, ami lilfor, Since nitrates two very soluhl 
Umy will Im found in l.ho (titrate. To 1 c.c. of tho filtrai 
add" <1 c.c, of pure strong mdphurio acid, shako uni 
llmrtiughly mixed, and cool under tho tap, How add 1 c. 
uf a specially prepared solution of carbazol, and slial 


agaiH If them wan any nitrate in tho soil, a groen coloi 
wdl be formed, and the depth of tho colour will bo pr 
jHirliumil lt> the amount of nitrate, 
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Estimating 

Nitrate. 


l'lie actual amount can lie roughly estimated thus. A 
standard solution of potassium nitrate is 
prepared of such strength that I c.c. contains 
‘00001 gram of nitrogen. Five clean test- 
tubes are now taken and into the first is measured '1 c.c. 
of this solution, into the second ‘2 c.c. and so on up to 
•5 c.c. in the fifth. Distilled water is now added to oaoh 
tube to make up the volume of the solution to 1 c.c. The 
tubes will now contain in order ‘000001 gram N. as nitrate 
to ‘000005 gram, in each case dissolved in 1 c.c. To oaoh 
tube 3 c.c. of pure strong H 3 S0 4 is now added, and the lube 
shaken and cooled, When cool, 1 c.c. of corliassol solution 
is added, the tubes are shaken and placed in order in the 
stand for the green colour to develop. The tubo contain¬ 
ing the soil-water and carbazol is now placed hesido the 
standard tubes for comparison of tho colours. Suppose 
its colour is midway between that of the two tubes con¬ 
taining -000002 gram N. and ‘000003 gram N. Then wo 
may conclude that, the 1 c.c. of soil-water contained about 
'0000025 gram N. as nitrate. But 50 c.c. water was added, 
to 10 grams soil, so that 1 c.c. of soil water contains tho 
nitrate from 10 ~ 50 = -2 gram soil. Therefore, ‘2 gram 
soil contains -0000025 gram N. as nitrate, Tho percentage 
of N. as nitrate in the soil is therefore 

•0000025 X 100 . AA , 0( . 

■— --- = ‘00125 per cent. 


The percentage of total nitrogen in an arable soil is usually 
between T and T5, so that only about one hundredth part 
of the total nitrogen exists as nitrate. 

We found iu •Chapter II. that an ordinary soil nine 
inches deop weighs about million pounds per acre. The 
weight of nitrate per acre is therefore 

2500000 x ‘00125 Q1 ,, 

-wo-~ 31 lb ' 
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Thin in ulioul, Mm umial amount of nitrogen an nitrate 
an ordinary nttil, and we min now understand why t 
addition ol‘ 25 Ih. nl' nitrogen an nit,into of soda slioi 
mul.n u largo iiii'roiiHo in t.lio crop, for tho crop can 01 
feed mi Iho nilmi'i\ mid ‘25 Hi. of extra nitrate altm 
ilmilili'H its nitrogenous fmiil supply. 

Thin met hml of ustinia,ting the nitinto in a noil, tlierofo 
given iih very viiltinlilo iui'oriiial.ion about the need J 
mtiiigeiioiis mtuiiii'o. Mut it in a method which roquii 
great nu'ii, fur it in no delieato that wo are very liable 
It ml nil r,do by m , i'.iiliml,. The fid ion nnint bo cleaned vc 
rittvlully, and Mm distilled water and the sulphuric a< 
mil'll he i(iiile freii front nitrate, It ih always advisal 
in innlii< a blank experiment by mixing 1 c.o, of distill 
water, :i im*. of Htilpliurie iteid, and 1 o,o. of carbasol solutii 
If Urn lube in eleau and the water and acid are pure 
given I’ldniu* Hlmuld 1m produced. 

The ivmilt of thin tout mines several interesting a 
important nuiwtioiiH, If tho soil contains only abc 
;|ii lb, uf nitrogen as nitrate per aero and a crop in 
hit ||i,, why does not one crop exhaust tho soil? 

The answer (o MtiH nuestiou is given by an oxporhne 
t*ntfiiiil mil. at Uoliuiiustod. More th 
lUiUtwiiittml ,|,(| years ago a bluek of soil exactly xihsv ^ 
brain t m K* 1 | tl area, and 20 inches deep, was isolat 

in its natural cuinlitiou by uudonniuing it so that a sin 
of rmrfonitvil iron could lui pushed under it. Tho soil v 
then dug out all round and conumfc walls built round 1 
block front Mm perforated bottom upwards. A very lai 
ftuiuel was phusod undoriieath the block of soil, so tl 
the water draining through it could be collected. 1 
nurture of tho soil was kept loose _ and free » 
v,, Au amuigemeut of thin kind is called a drn 

gang". 
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Every month the water which has drained through the 
soil is collected, and analysed by a method similar to the 
one we have used for estimating nitrate. This was done 
for 26 years, from 1878 to 1903 inclusive with the following 


average results:— 

Nitrogon aa Nitrato in 
d rain ago. Lb, l>or ao ro 

January 

. 3-8 

February 

. 3-4 

March... 

. 1-5 

April ... 

. -9 

May ... 

. IT 

June ... 

1*4 

July . 

. 1-9 

August 

. 2'5 

September 

. 3-2 

October 

. 5 - 8 

November 

. 6-2 

December 

... 4 - 6 

• 

Total per year.., 36 - 3 


Rain falls on the surface of the soil, somo o L : it evaporates, 
hut about half percolates through. Since 
Formation nitrate is so soluble, this drainage oames 
inSoU. ate with it any nitrate contained in tlio soil. 

In this way just ovor 36 lb. of nitrate per 
acre have been washed out of the soil ovory year for 
26 years, or in all 944 lb. Now all this nitrate could 
not have been in the soil to start with, for being so soluble 
it would have been washed out the first year, It must 
therefore have been formed in the soil or brought down to 
the soil in the rain. The nitrogon in the rain lias boon 
estimated continuously at Rotbamsted sinco 1886, and 
found to amount to about 5 lb. per acre per annum, If 
we subtract this, there still remains 3T3 lb. of nitrogon as 
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nil-niln per aero per annum which must have been forme 
in lho mill. 

Now the only noil constituent which contains nitroge 
in ImmuH, and since during tlio 2(5 years tli 
rrem HimraT'* humus in l.ho Mode of Noil lias decreased, w 
can safely conclude that the nitrato waste 
out of (ho noil numb have 0,01110 from the decomposition 0 
(he ImmitH. 

It lutH I icon known for a long time that nitrate is forum 
from tdin deeompoNibion of animal and vege 
talilo niafcrialH. Indeed, until the discover 
of nifralu of Hoda in Ohili GO years ago, tli 
worldhi main sources of nitratoN wore the domesti 
ruhlimh heaps of the Milesian peasants and tlie drains i 
India, lu both cawis animal, and vogetablo refuse wa 
allowed lo decompose in the presence of wood aslies t 
supply potash, and potassium nitrate was obtained b; 
dissolving it from the surrounding soil by hob water, fron 
which if was subsequently crystallised. 

The exact cause of the decomposition was not woricec 
out until 1H!)(), when Warington at Roth 
aumted and Winegradski at Paris simul 
faneeusly succeeded. in isolating tin 
micreboH and discovering tlioir condition! 

of growth, , ,. 

We now knew that the decomposition proceeds m this 
maimer. lu the lirst place various microbe! 
and niicrnaeopic fungi, callod ammonifyuq 
organisms, wliioli are found in the soil, ii 
ulftu ure heaps, and in such places as stablos and cowshods 
feed upon the vegetable and animal matter in tlio soil 
and convert some of it into carbon dioxide, water am 
ammonia, leaving a residue which is humus, Lius chaugi 
is at Unit quite rapid, but when once the humus is formed 


N drain 
Formation 
muiatul hy 
Krirolies. 


Awtmoal 

(tonUtm. 
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though the same kind of change continues, it is very slow 
indeed as shown by the fact that in the Kothamsted drain- 
gauge much of the original humus still remains undocom- 
posed and yields a little nitrate every year. 

As soon as ammonia is formed in the soil it becomes 

. tho food of another kind of microbe, called 
Nitrification. ... . .. . , , . 

mtrosomonas, which converts it into calcium 

nitrite. This microbe can only grow in the presence of 
air, to supply the necessary oxygen to convert NH 8 into 
IlbTOo, calcium carbonate, to neutralise the HN0 3 and con¬ 
vert it into calcium nitrite, CafNOjjlj, and a suitable tom- 
perature, This change is quite rapid when conditions are 
suitable, more rapid in fact tliau the preceding cliango of 
humus into ammonia, so that practically no ammonia is 
found in a soil in good condition. 

But calcium nitrite does not remain in the soil. It is 
at once attacked by still another kind of microbo, called 
nitrobacter, which feeds upon it and converts it into 
calcium nitrate, the salt which forms tho nitrogenous 
food of our crops. 

The first part of this process, namely, the change of 
vegetable and animal matter into C0 2 , H s O, NH S> and 
humus is usually called ammouification. It is most rapid 
in stables, and in heaps of manure where the smell of 
ammonia is often noticeable. It will be discussed more 
fully in the chapter ou farmyard manure. 

The two last stages in the process, namely, the conver¬ 
sion of ammonia to nitrite and then to nitrate are known 
together as nitrification. 

The whole procoss is most important, because it is 
responsible for the preparation of the nitrates on which 
our crops feed. If the conditions existing in a soil aro 
unsuitable for the growth of the ammonifying and nitrify¬ 
ing microbes, these microbes will not be able to convert 
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into l,li« available form of nitrate a normal proportion 
flic vast quantity of nitrogen stored in the soil in the for 
of humus, and this groat capital stock of fertility w 
cease to yield fair interest. 

It is most important, therefore, to test a soil so that r 
may Hud out if it contains a fair proportion of nitrate, 
il, does not at the moment contain any, the deficiency nu 
ho duo l,o the fact that the sample was taken after mu< 
rain which may havo washed out all tlio nitrate. Sampl 
for this tost should not ho taken after much rain or in tl 
winter or spring wlion the nitrate is likely to have be< 
washed out. 

YVo may, howovor, ovoreomo this difficulty by keoping 
second portion of the sample of tlio soil warm and moi 
for about a fortnight whon the tost should be repeate' 
If alitor tins treatment a fair proportion of nitrate is foun 
then the soil is capable of preparing nitrate for our crop 
I E, luiwovor, whon the tost is repeated no nitrate is foun, 
wo must conclude that thoro is something wrong with tl 
soil conditions. It may bo lack of aeration caused by ba 
cultivation or deficient drainago, or tlvo soil may contai 
no calcium carbonate. Those conditions must be fur tin 
investigated and if possible ameliorated, whon tlio fertilit 
o£ the soil will bo improved, Cultivation and drainag 
lias already boon discussod. Calcium carbonate will l 
dealt with later. 

Still, another interesting point arises from the table c 
p, 111, It 1 b notablo that the amount of nitrate washe 
out of tlio Jtothamstod drain-gauge varies greatly froi 
month to month. It is highest in late summer and autumi 
and lowest in winter and early spring. This variation 
due to the fact that all tlio microbes concerned in nitrai 
production grow slowly when tlio soil is cold in winter an 
more rapidly as the soil gets warmed in spring and summe 
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Further, the nitrate produced in the spring and summer 
by the rapidly growing microbes is not 

Washing out wag ] ie( j 011 t at once, because in the summer 
of Nitrate, . , „ , ., , 

eyaporation from the surface is rapid, and 

consequently not much water percolates through the soil. 
As the autumn progresses into winter, evajiorntiou gets 
less and percolation increases, so that the nitrate which 
has accumulated in the soil during the summer is washed 
out. 

Two very important practical lessons can be learned 
from tliis. Even in a fertile soil there will 
Spring Crops q, e little nitrate in the spring. Conse- 
Nitrate. quently crops like the cereals which should 

begin to grow early in the spring usually 
require an early application of nitrogenous manure, whilst 
turnips and swedes which are sown much lator can often 
do without a direct application of nitrogen. 

Secondly, any nitrate left in the soil after the crop has 
ceased growing in the autumn will bo washed out in the 
winter, so that nitrogenous manures ns a rule give their 
whole result the year they are applied and leave no residue 
for the next year. In this connection it should be pointed 
ont that nitrogenous manures, except nitrates, are con¬ 
verted into nitrate in the soil before tlio crop uses them. 
This point will be discussed later. 

Einally, by testing for nitrate in a soil, wo learn if 
tlie soil is capable of supplying our crops with nitrogen. 
If it is, we may still find it necessary to use spring 
applications of nitrogenous manures for cereals, in order 
to supplement the normal supply of uitrogon by the soil, 
If it is not, we shall probably find on further investi¬ 
gation that the remedy is rather draining, improved 
cultivation or liming, than increased, use of nitrogenous 
manures. 
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We have learned above 111tat tho preparation of nitra 
Protozoa B' 1 ' crops tn ItHuI on is brought about by tl 
activities of curtain kinds of microbes, ar 
we have found that if tho growth of thoso microbes 
hindered by bad aeration or by deficiency of calciui 
carbonate, tho productivity of tho soil is decreased, 

Russell and, Hutchinson at liotliamstod liave found tin 
in certain Hoils, especially thoso which arc abnormally ric 
in himiiiH, curtain microscopic animals called protozoa ai 
found iu largo ntunboiu These protozoa feed upon tb 
soil microbes and may diminish their numbers to such a 
extent as to cheek the formation of nitrate and decroas 
productivity. This slate of things occurs most frcquentl 
in Ihi' very rich soils prepared for growing tomatoes an 
cucumhci'rt under glass, and in tho soils of sewage farms. 

Fortunately, those harmful protozoa are very easy t 
kill. By heating the soil, or by mixing with it a mil 
disinfectant which soon evaporates away, such for instanc 
as toluene, tho protozoa aro killed without pernmnen 
damage to the microbes, After this troatmont, which i 
called partial sterilisation, the number of microbes intlr 
Moil increases enormously, more plant food is formed an 
the seil regains its productivity. The troatmont also kill 
eel-worms and possibly other parasites which attack fch 
crops. The same result can bo obtained by tho use of limt 
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TESTING- THE SOIL. PHOSPHORIC ACID AND 
POTASH. RETENTION OP MANURES 
IN THE SOIL. 


Stores of 
Phosphoric 
Acid and 
Potash in 
the Soil. 


In our discussion of the subject of soil analysis in Chapter 
Y., it was pointed out that chemical analysis of soils by 
ordinary methods showed that ordinary soils contained, 
within the range of the roots of ordinary crops, from 4,000 to 
5,000 lb. per acre of phosphoric acid, and from 7,000 to 
20,000 lb. of potash, and that these amounts 
would suffice to grow ordinary crops con¬ 
tinuously for from 100 to 200 years. Argu¬ 
ing from analogy with what we learned in 
the last chapter about nitrogen in the soil, 
we may consider that these large stores of phosphoric acid 
and potash represent, so to speak, the capital stocks of the 
soil, the interest of which provides the yearly supply of 
available phosphoric acid and potash for our crops. In 
the case of nitrogen we found that the capital stock 
existed in the soil in the form of humus, which, under the 
influence of microbes growing under certain conditions, 
yielded interest in the form of available nitrates. 

Humus being formed by the decay of animal and vege¬ 
table matter contains a certain store of phosphoric acid 
and potash, some of which is, no doubt, made soluble and 
available when the humus is decomposed by the ammoni¬ 
fying microbes, but wo know almost nothing on this sub- 
p. soir, 07 7 
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, Tl,, ‘ « n ' ni 1,lllk of Htumi of phosphoric acid ai 
•".‘‘I™' "» 1 H,,l! *’*h*tH in Uu* form of mineral partial* 

u lucii iin* doeniiiposed not by microbes, bat by the acti, 
■'I water, ciirlmu dioxide, front, and other agencies of tl 
‘“J, ' tlr " l, Hnall,y classed togethor as weathering, 
i'f.iin (In,decomposition of the luunus and the miner 
liartioItiH, a certain amount of soluble pho 

Acid ttnd rt ° 1 ' ,IOric tloi ' 1 - luld . l )0lasl1 probably results, b 
t'otiwli in tho j ko !im <>mit which dissolves in tlio soil rvat 
Soil Wai,or, is exceedingly small. The water which liov 

Iroiu the drains of one of the experiment 
holds al UutlmniHlod has been eolleeted and analysed < 
several iicoiisimiH. I (.contains on the avorage 13*2 parts p 
million of nitrogen as nitrate, but only 11 parts per millii 
ol phosphoric acid, and li‘2 parts per million of potas 
Kvidonl ty water can dissolve so Utfclo phosphoric acid tu 
pul ash from I lie soil that wo cannot tost tlio soil for availal 
phosphoric acid and potash by shaking it with water. 
Many clicmists have given much time to tho investig 
lion of the phosphoric acid and potash inti 
Avfttlitlilo soil, in the hope of linding a satisfacto. 

Ai'lil' kik! l0 method of estimating tlio proportion of the 

Pottedi siiltslanees available to crops. A porfi 


method is still lacking, but .Dyer lias d 
covered u. method which, if not altogether satisfactory,h 
f brown much light on the subject, Dyer argued that 
wafer could not dissolve enough phosphoric acid a: 
poliiidt out of the soil to account for tho amount contain 
in crops, (lien the roots of tho crops thomsolves mi 
possess Memo power of dissolving those constituents fre 
I he soil pnrtieloH. lie grow nil tho ordinary crops unci 
witch coiidiliuiiH that lie could separata their roots in 
clean condition, free from soil. Ho thou separated t 
ceil «np of the roots and analysed it. From tho results 
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his analyses lie concluded tliat tlie /efffeap oitihk ^f ^ ^ 

ordinary crops was acid, that the acVftjresent j u the cell- 

sap was usually citric acid, and thatSme concentration of_ 

acid was on the average equal to thaKQf^4 |S^O 

solution of citric acid crystals. He then decided-to..,.tuy.-rf-"” 
a 1 per cent, solution of citric acid, which might be 
regarded as a close imitation of the coil-sap of the roots of 
ordinary crops, would dissolve from soils of known history 
amounts of phosphoric acid and potash in agreement with 
the known history of the soils. 

He analysed by this method the soils of many of the 
Eothamsted plots whose history was known since 1845, 
and in every case the citric acid dissolved amounts of 
phosphoric acid and potash which were in agreement 
with the treatment which the plots had received. Other 
chemists have applied the method to other soils whose 
abundancies and deficiencies had been discovered by field 
experiments. In almost every case the citric acid method 
has given reliable indications of the abundanco or de¬ 
ficiency of phosphoric acid and potash. The motliod has 
also been found useful in testing phosphoric acid manures 
to decide the extent to which the phosphoric acid they con¬ 
tain is available to crops. So far, then, it seems to be 
satisfactory. But, unfortunately, it involves so much 
skill in manipulation that it only gives reliable results in 
the hands of a practised analyst. 

It is carried out as follow's:—A Winchester quart bottle 
is carefully cleaned. Into it is put 200 
Method. grams of the sample of soil to be tested, 

2,000 c.c. of distilled water, and 20 grams of 
citric acid crystals. The bottle is stoppered and thoroughly- 
shaken, the stopper being released several times to allow 
the C0 8 given off by the action of the acid on the calcium 
carbonate of the soil to escape. It is then set aside for 
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* days, ln*inj 4 shaken throe times every day. A 
eight day*, ttie vli'iu‘ liquid is (literal from tire soil, 

»•, measured mil, and evaporated to dryness. 1 
is limn heal i'll over a burner, to bum away 
> ilm* arid uml lint organic maUur dissolved from tlio e 
I' h" phosphoric acid ami potash arc thou estimated. 

The method in loo difficult for us to carry out ourseb 
Iml, fortunately, tlio experience which has been accuii 
tiiod from numbers of analysis which liavo been ma 
.uni from numbers of Hold experiments which have he 
, ,ii lied out on typical soils in various districts, will se 
in tell tm when to use phosphoric acid or potash maiiu 
vi ii limit our having In analyst) our own soils. 

Alt soils, almost without exception, require manur: 

with phosphoric acid at least once in ov< 
rotation. After experimenting on soils 
(tm counties for over 215 yoars, the wri 
lilts only found one isolated district win 
phosphnt ie manures tailed altogether to produce a defin 
n „,rouse. Tim crop which seems loast able to extrf 
phosphoric aci'l for itself from the soil is the turnip^ arc 
lUi ,| n« shall not go far wrong it wp apply phosphoric a< 
to the turnips ami swedes every time they come rouud 
ll,„ ) M |,tiiuii. Phosphoric acid is not washed out of: these 
W’lml in loll by the root crop will suffice for the cereals 
ml,,,,, i' 1 'oim included in the rotation. Permanent grai 
i,«,. very frequently requires and pays for phoBpha 
manuring. This subject will be dealt with again later. 
p.ilanU is nut so generally dellcient in soils as phospho 
Hcid. Hoils, as a rule, contain much m 
Whwtt««»« polash to start with. Wo have seen tl 
the store of potash m a soil■ ^ejpien 
luuoiiiils to as much as. 20,000 lb. p 
our system o[ tanning also tends to conserve t 
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potash in the soil. Potash accumulates in the §lems of 
plants and is, .therefore, abundant in hay and straw. 
These products are consumed on the farm, and the potash 
they contain is returned to tho soil in the form of 
farmyard manure. Phosphoric acid—and nitrogen too 
—accumulate in the seeds of plants, and in the bones 
and flesh of animals, and in milk. All these products 
are sold off the farm. This has been the custom for a 
very long time. Consequently our soils have been gradu¬ 
ally exhausted of phosphoric acid and nitrogen, and the 
need for manures containing these substances is general. 
Potash has been conserved, and is therefore needed only 
on soils in which it is naturally deficient, that is to 
say on light sandy soils, and sometimes on peats, Tho 
crops which are least able to extract potash from the 
soil for themselves are potatoes, mangolds, turnips, and 
swedes. Except potatoes, these crops can usually get 
all the potash they require on loams or clay soib. On 
sandy soils their yield is definitely improved by potash 
manuring, Potatoes on all soils require potash manures, 
as do all market garden crops. Potash is not washed out of 
the soil. If we use potash when we grow these crops, 
enough will, be left in the soil for the other crops included 
in the rotation. 

This information will as a rule guide us quite well in 
the ■ use of pliosphatic and potash manures. In caso 
of doubt we can always get a citric acid, analysis of 
our soil made at the local college or by the county 
analyst. If we write to tho county organiser or to the 
college we may find that in the courso of its soil survey 
work, the college has experimented on the soil of our 
district either in the field or in tho laboratory. The 
results obtained will probably give the information wo 
want. 
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In tin* course nl‘ tmv discussion of nitrogen, phosplioi 
iu*iil and potash in the soil -we have fou: 
amTl'o'uiiti that. nil,rains are readily washed out of t 
Maiuiws not soil in the drainago, whilst drainage wai 
ont«u' ° Ut ronlains very much less phosphoric acid ai 
potash, and wo have concluded from tl 
that nitrogenous manures which arc not absorbed by t 
crop to which tli(*y are applied are washed out of the lai 
in the succeeding winter, whilst phosphatic and potai 
nmnures are not washed out of the soil, but remain tbe 
to tin* inlvimliigo of Hit( , ( , ,e(*ding crops. This is an imporfca 
conclusion whit'll should be supported by further evidom 
Mule* dilute solutions of a number of common nmuun 
for instance, nitrate of soda, sulphate 
tlntmitiim of ammonia, superphosphate, and muriate 
no" h»ii potash, by weighing out 1 gram of eac 
shaking ii)i with 1001) o.c, of distilled wat 
Htel littoring. Take 100 o.e, of the nitrate of soda soluti 
ill n Hawk. Add to it 150 grams of soil, shake well, loave 
•iland Hunie time and tiller. Now placo in a test-tu 
about 10 o.o, of tlio filtrate, and in a second tost-tubo 
fipml vein mo of the original nitrate solution. Add to on 
a little ferrous sulphate solution, and pour down the si 
ot the lubes n little pure strong sulphuric acid so that 
forms a layer at. (lie bottom of the tube. Noto that 
brown ring is formed whore the layer of a< 
Htu-Sta not, j ,| l0 solution, and that the bw 

K«u»H«d. riuK lulH (ll0 Hftmo appearance in oacli tu 

'lliia brown ring is formed by the reaction of the acid 
the ferrous sulplmki and tbe nitrate, and its intensity 
» measure of the amount of nitmato prosonfc. Since 
tiHottntly i« the same in each t.ubo, the mil has eviclen 
not absorbed nitrate from the solution This agrees w 
mtr conclusion that nitrate is readily washed out of the s 
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Eepeat tlie first part of tliis experiment with tlie super¬ 
phosphate solution. To compare the amount of phosphate 
in the solution before and after it has been in contact with 
the soil, take 10 c.c. of each, add a few drops of ammonia, 
a little nitric acid and about 5 c.c. of ammonium molybdate 
solution, and warm gently. The original solution will give 
a conspicuous canary yellow precipitate. The solution, 
after contact with the soil, will only give a 
Phosphoric slight yellow colour, showing that almost the 
retained. whole of the phospbato has been absorbed 
from the solution by the soil. This agroes 
with our conclusion that phosphoric acid is not washed 
out of the soil. 

Now repeat the first part of the experiment with the 
muriate of potash solution. To 10 c.c. of the original 
solution add a drop of acetic acid and 5 c.c. of sodium 
cobaltinitrito. A considerable yellow pro- 
retained 3 cipitate will he obtained. Eepeat the test 
with 10 c.c. of the solution which has boon 
shaken with the soil. No yellow precipitate will ho ob¬ 
tained, showing that the soil has absorbed practically all 
the potash from the solution. This agrees with our con¬ 
clusion that potash is not washed out of tlie soil. 

To find if soil absorbs ammonia wo must proceed in 
rather a different way. Measure 1 c.c. of the sulphate of 
ammonia solution into each of two cloan llasks and add to 
each 100 c.c. of distilled water. To one flask add 50 grams 
of soil, shake well, allow to stand and filter. Now pour 
50 c.c. from the second flask into a glass 
retaTnod. a 18 cylinder, and 50 c.c. of the filtrato from the 
soil into a second cylinder. To each cylinder 
add 2 c.c. of Nessler’s solution and stir. The solution 


Potash is 
retained. 


which has not been in contact with the soil will develop 
a distinct brown colour owing to the ammonia which it 



S IH'HiMi IUK Hint,, t'Uum'UORIU lUtll) AND 1’OTA.f 


u? tn<r, tinU Ilif faintest yellow tint will lio formed 
wlm-li was shaken with noil, showing that t 
,»1. nearly till tho ammonia. Ammon 

. vt .)>, hi.r pUo'phovie witl and potash is not wash 

■ U.-.ml Thm in into as long as it remains hit 

■ , s st.uii.mw Hut wo l;uu\v Unit ammonia in the s 
-„j , ii» . liitnvrrd in nit rate, ami whon this has taken pla 
s),-<,«!»< <« v,iii.hfi 1 out if tlm crop tlooH not'absorb it. 

V u a tiio Miiidmil solutions of sulphate of ammoi 
v.i >.f i«>!.fdt by adding to each a few drops 

'n ( .- k ttdl all 1«i l'oiiml to bo neutral, Repc 
tlu> l.d wit It tlm same solutions which ha 
r '\ % ? b-tfit idmkeii with soil. They will still 

«» mull ral. till hough tho soil has absorbed t 

>,t iuumonia and potash, Has tho soil til 

^ 4 l w .rU«t Urn sulphate and chloride (murk 

ns,.- i mini" fur chloride)? 'l'o the origin 

»>f ammonia solutiou add HOI and barm 
.■SibA white precipitate of sulphate is forme 
U«> Ifni with an isjuttl volume of tho same solu ac 
„j.. n i tv » Iwt'u shaken with soil, and compare the pi 

,. ..., 11,H w.11 is. similar In tho two cases shown 

,0, ..„t md "to,orbed tlm sulphate. Bmuhtf tee 
„ ,i, HV1 „.d silver nil rale will show that tho soil do 

U"- -oluliou remain neutral if thoto 
5 , mo absorbed aiuUho acids, eu phe 

I,; Z> Tlm unly possible oxidation 
f j,,.,hired by an equivalent amou 

Vi f * "rt b is" Tlm most almudanb hum in tho s 

P’" « tm ammonia ami potash havo boon replac 

■* ' <wrt " ., a w \ \\ m hv Um solutions which ha 

< .. r^lJ, ?W these solutions with bob 
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formed in each case, showing that lime is present. Wo 
may therefore conclude that potash and ammonia are 
absorbed in the soil being replaced by an equivalent 
amount of lime. 

In Chapter Y. when discussing the composition of clay, 
Part played we ^ 0U11C ^ that as ^ occurs in the soil is 

by Clay in a hydrated double silicate containing soda, 

retaining potash, lime, and magnesia. When muriate 
ot potash comes into contact with this com¬ 
plicated silicate the potash goes into the silicato and turns 
out an equivalent quantity of lime. Tlio silicate being in¬ 
soluble the potash is retained in the soil. The lime takes 
the place of the potash forming calcium chloride which is 
washed out of tlio soil, This is confirmed by the fact that 
the drainage water from the Rothamsted experimental 
field contains on the average 162 parts per million of lime 
and much more than this in the drainage from the plots 


manured with sulphates and chlorides. 

Now test for lime in the nitrate of soda solution which 
was shaken with soil. We shall find that it too contains 
lime, and we must couclude that the soda has been ab¬ 
sorbed in the soil, an equivalent amount of lime being 
washed out. This would not take place to a very great 
extent in farming practice, because the crops would absorb 
■the nitrate and jn'event it from being washed out in the 


drainage, and if the nitrate is not washed out it cannot 
carry lime with it. 

These experiments enable us to form two important 
conclusions. The use of sulphates a,ud 
chlorides and, to a less degree, nitrates, as 
cause Loss manures causes the washing out of lime 
of Lime. from the soil, and this may take place to a 
harmful extent. The Rothamsted drainage 
water contains 162 parts per million of lime. The rainfall 



Inf. TKHTIfW tub hoi 


l’mwntoMio aoib and potae 


itl h'ollmmHlod is 2H inches per annum,which is equivale 
t>i ivlnmt. 2.S0U (min, nr uvur (i, 000,000 Ih. per acre. If ■ 
u i-.tiim' I Iml. ,mo-third til! tho rainfall Howh away int 
drains, I ht> loss tif limn from tlio noil will he 1G2 x 2 1 
ur iihutil :S owl. |mi* iutvo per annum. Some lime would 
w .mhi'il out nf I ho Moil under any conditions, heoau 
calcium oiii'litmalo in Holuhlo in water containing carboi 
.mid, Iml I ho itimiiiitl. is comparatively Hinall. Tho loss 
lime in mooli hiomiKod hv tho use of such, manures 
milpliiili.'t unit ohliiriiloH, When such manures arc fi 
• ptmilh lim'd il in wiso lo Icoop flic percentage of lime 
llm „„il uiiilor observation. This will ho discussedlurtli 


in tho iiovl olmploi'. 

Tho second imp,irlatil. point is that tho turning out 
limit from double silicates by potash or so 
!.lnm run i H n . reversible action. If wo add to tho s. 
avuw.'lo.' 1 " 1 ' largo quantiUes of limo salts or of soda, sal 
I hose salts will turn somo potash out of t 
double silicaloM ami make it available to crops. TJnd 
normal onmlifiniiH wo may imagino that; tho double si 
Cains! rmiliiioiug potash, soda, llmo, and magnesia aro 
oquililirium with the soil-wator, which co 
Hn«r Pnlttnh laiim iu solution traces of potash, soda, ai 
Hujijily Is mngtioHia ami cmiHulorablo quantities of liu 
imiiritaliistl, K nutnalljr absorb from the soil-wat 

ll,o puliit.il which they roquiro, and, as this occurs, lh 
«,*.€ into (ho ilmthlo silicalos and turns out more potos 
If iimv wo iimnuro Iho soil with a potash salt, at first, tl 
,1c.,,.lives in 11.0 Hull water, but in doing so disturbs t 
ciuilibriiim. Kquilihrium is rapidly regained by t 
OV'CNW I.r potash going into tho double sihcato and tom. 

mil an equivalent quantity ot lnno. .... , 

IU- immuring the soil with lime salts, tho aimijbura 
■U»li"irl««l in llm opposite diroction, and is lostoie 


Ilnur J'oUiih 
Hiqiply In 

ituimtfthmil. 
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some of the excess of lime going into tko double silicate 
and turning out an equivalent amount of potash. Thus 
the double silicates form a sort of “ bank,” ‘which, absorbs 
potash when it is added to the soil as manure, and tends 
to maintain a constant concentration of potash in the soil 
water. This concentration is, however, so low that the 
loss of potash when the soil-water escapes in the drains is 
almost negligible. 

Phosphoric acid in the soil behaves in much the same 
way, but the “ bank ” which retains it and 
How keeps the concentration constant is not the 

Aoid^uppiy double silicates, but various phosphates of 
is maintained, calcium, and possible iron phosphate too. 

These phosphates, CaHP0 4 , Oa, 3 (P0 4 ) s , and 
PeP0 4 , are insoluble in watet, but in the soil they probably 
exist in a condition of equilibrium with the soil water, 
which contains C0 2 , Ca(HCO„) 2 , and a constant concentra¬ 
tion of 0aH,|(P0 4 ) 2 , formed by the action of the 00 3 on 
the phosphates. If superphosphate is added, at first tho 
equilibrium is disturbed by the pi'osonce of excess of 
CaH i (P0 4 ) ! j, but it is soon restored by the reaction of 
OaH 4 (PO. J ) 3 and 0a 3 (P0 4l ) o , thus— 

GaH 4 (P0 4 )sj + Ca 8 (PO, Ji ) SJ = 40aHP0*. 

It is probably in this way that phosphoric acid is retained 
in the soil. 



CHAPTER IX. 


TIORTINO TLIM MOIL. LIME. 


Limo in required in I,ho noil for two purposes, Plant 
need a certain amount of limo which they get from tli 
noil, ho that limo in needed to supply tho direct needs c 
oropH for food. Crops also require) certain conditions i 
I Im soil which can only ho maintained in tho presence c 
calcium carbonate. 

Limo exists in the soil in two forms, as calcium cai 
Inmate, and as silicates and other salts 
Both those forms can supply lime for plan 
food. Only calcium carbonate can maintar 
the soil in a, suitable condition for tliogrowt 


Oaloltim 
OomponntU 
in tho Boll. 


of ernpN. 

The actual requirements of crops for lime are small- 
ccrcals for insliuicn only require about 10 1b. of lime pe 

aero.and it is extremely rare to find a soil which canno 

supply llio direct needs of crops for limo. 

Many soils, however, do not contain sufficient oaloiun 
carbonate to maintain a healthy conditioi 
for crop growth. For our purpose therefor 
wo can eoulino our attention to the lime ii 
the soil which is in the form of calciun 
carbonate, Wo will take it that soils contain enough lhw 


Oalolum Gar- 
Inmate ofton 
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to feed our crops, and coniine our enquiries to two points, 
namely, liow calcium carbonate maintains the soil in a 
healthy condition, and how we can find out if a soil needs 
calcium carbonate. 

Plants can be divided into three classes ivith respect to 
their attitude towards calcium carbonate, 
Functions namely those which will groiv only if the 
Carbonate. soil contains abundance of calcium carbonate, 
those which do not mind Avhether calcium 
carbonate is abundant or not, and thoso Avhioh will not 
grow in the presence of appreciable quantities of calcium 
carbonate. Amongst our farm and garden crops legu¬ 
minous plants such as sainfoin, lucerne, cloyers, beans, 
and peas, and cruciferous plants such as turnips, swedos, 
and cabbages, belong to the first class, Ayliich will not 
groiy in the absence of plenty of calcium carboiiafco. 
Cereals, mangolds, and potatoes, belong to the second 
class. They are not greatly influenced, except perhaps 
indirectly, by the amount of calcium carbonate in the soil. 
ISTone of the ordinary farm crops belong to the third class 
Avhich will only groiy if calcium carbonate is deficient. 
Tins class, however, includes certain garden plants such 
for instance as rhododendrons, azaleas, ericas, and many 
common weeds such as sorrel, spurrey, corn 

bouato^heclra c ^ 1 7 san ^ lenium > auc ^ stinking Mayweed, 
certain Weeds. The presence of these weeds is a sure indi¬ 
cation that the soil is deficient in calcium 

carbonate. 

Most of the common crops grown in rotation husbandry, 
therefore, like abundance of calcium carbonate in tho soil, 
and the rest do not object to it. Since we cannot vary 
the amount of calcium carbonate from year to year, wo 
must maintain plenty in the soil for those crops which 
require it. 
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ltd 

Tin' tvai-nn why uuwt, of our crops require plenty 
f.tlfium i’ii rl»matii in Min noil in Mint tluiso crops cam 
j.*rnw in .in m'iil soil, it,ml calcium carbonate is the comm 
constituent in Mm noil which prevents t 
null 1 incoming acid. Acids are formed 
l.hn Hoil hy Mm decomposition of the orgar 
mill tor. If calcium carhonato is present, 
Mu* acids iih soon as they are formal, pr 
- lioxido and neutral calcium salts of tl 
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CaiImiiihIii 

|irnVplilH 
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with 


1 .-.»<• f -» 

diiciiiv; cjirliiin 

muds. 

Vmdhnr reason why calcium carhonato is honefleial 
crop growth is that it is necessary for tl 
growth of the nitrifying microhes. In i 
uhmutoo llicso microbes oannob grow, niti 
ilciilion ceases, anil the crops cannot g 
nitrate which is the form in which th< 
pi,dor in absorb their nitrogen. 

Although these useful microbes cannot grow in tl 
atimmco of calcium carbonate, certain m 
mmeopic fungi, for example plasmodiophor 
hmssicie, the fungus which causes fmge 
and (tie disease iu turnips swodes an 
cuhhivgcH, cannot grow if calcium carhor 
li(> , fairly almmlnul, Thu host, iudood the only waj 
M j piovculnig tliis discaso is to maintain a good suppl 
of calcium carhonato iu the soil. Oalciur 
ollSftU ciivhuinUe is spocially important m cla 
j£2£ soils hccatiHO when dissolved m the sod 
vva ( f , r as calcium hicarbonate, it flocculate 
the day pnrticlcii and lamps the soil in good worlmbl 

’ ^vl-W.Vtlv if we wish to lamp our soil in a good state o 
l,r,„luclivity it is uuwt important that tho supply of ca 
mum carlwiiate should ho adequately maintained. 
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The percentage of calcinui carbonate in soil varies very 
Amount of greatly. Some soils on the chalk may con- 
Calcium tain 10 or even 20 per cent. Other soils, as 

the green sand or the red sandstone, may 
contain none at all. The fact that a soil 
overlies the chalk is no guarantee that it will contain plenty 
of calcium carbonate. Indeed, it is quite common to find 
soils in the Eastern Counties overlying chalk which are so 
deficient in calcium carbonato that they are infested with 
spurrey, corn chrysanthemum, and linger and toe. The 
only way to make sure that sufficient calcium carbonate is 
present in a soil is to observe the weeds which grow on it 


and to test it chemically, 

Eortunately calcium carbonate is quite an easy com¬ 
pound to recognise. If a soil contains none 
Sourness 01 ^ almost certainly be acid. Lay 

a square of blue litmus-paper on a clock 
glass, and pour on to it a small heap of the soil to he 
tested. Moisten the soil with distilled water, covor it with 
a beaker to keep away acid fumes, and leave it for a few 
minutes. Wash away the soil with distilled wator. If 
the soil was acid the paper will have been reddenod whore 
it was in contact with the soil. If a soil is found to ho 
acid in this way it is certainly very deficient in calcium 
carbonate and it must be limed, chalked, or marled beforo 
it can he really productive. 

A more direct way of testing a soil for calcium carbonate 
is to take advantage of the fact that it is 
Calcium f ° r ^ le only constituent present in the soil in 
Carbonate. appreciable amount which gives off gas when 
treated with hydrochloric acid. Put a few 
grams of the soil to be tested in a small beaker. Add. 
enough water to moisten it and stir with a glass rod until 
all the air is worked out of the wet soil. How add a little 
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h 1 mu>jf hydrochloric acid to decompose any calcium 
Inmate which may ho present, 

dadt ) a d- 2.1101 = 0a01 2 H s O + C0 3 . 

If distinct offorvoseoneo can he soon, the soil conti 
suflioienl. calcium carbonate. If there is no visible el 
veseoneo, but tho crackling of gas bubbles can be he 
wlmn tho beaker is hold to tho oar, tho amount of calci 
carbonate presold is approaching' deficiency. If no eft 
vcHotmeo can bo porcoivod oither by sight or hearing, i 
soil in deficient, in calcium carbonate. 

It is possible to make this method more precise 
Dabormlning mixing the soil and the acid in an apj 
kiiuo ratvm which makes if possible to moasti 

Itoqutvomont. W( ,j f ,] l ()1 . titrato the quantity of O' 

evolved. 

Tim best; pree.ise method, however, is to estimate what 
culled the lime requirement; of tho soil, that is to say, t 
amount of calcium carbonate tho soil can absorb, "V 
have seen above that when calcium carbonate comes in 
conflict with soil it combines with and neutralises ni 
acids winch may be present in tho soil. We saw in tl 
last chapter that calcium carbonate could react with tl 
double HilieateH ol‘ the soil. Nowin both those oases, tl 
calcium carbonate is converted into something clifferer 
To inemmrn the lime requirement, wo find out how mut 
eideium carbonate the acids and double silicates in tl 
soil can use in this way, and this is supposed to bo 
measure of the amount of linio required to neutralise tl 
Htlil, 

The method is carried out as follows:—A quantity 
lime-water is prepared by shaking son 
Method. quick limo with distilled water and lilterih 
A current, of curium dioxide gas is passed through th 
lime-water until the UatlO.,, which is livst precipitated, 
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completely redissolved by being transformed into bicar¬ 
bonate. Thus— 

CaOOg -)- H 2 0 + C0 3 = Oa(HOO s ) s . 

200 c.c. of this solution of calcium bicarbonate is now 
measured out into a bottle, and 5 grams of the soil to be 
tested added to it. The bottle is shaken at intervals 
for four hours. 

Meantime 100 c.c. of the bicarbonate solution is mea¬ 
sured into a bealcer. A few drops of methyl orange is 
added, and standard hydrochloric acid, of the strength 
known as IST/IO, is carefully run into the yellow solution, 
which is shaken all the time, until the addition of a singlo 
drop of acid turns the colour from yellow to pink. At 
this point we know that the acid has neutralised all the 
calcium bicarbonate. Let us suppose that 37‘3 c.c. of 
N/10 acid was required. 

After four hours the contents of the bottle are poured 
on to a filter. 100 c.c. of the filtrate is measured into a 
beaker, a few drops of methyl orange is added, and N/10 
hydrochloric run in as before until the colour just changes 
from yellow to pink. 

If the soil contains plenty of calcium carbonate, 37'3 c.c. 
or more of the acid will be required. If the soil was 
deficient in calcium carbonate it will have absorbed, some 
of the calcium bicarbonate from the solution. The solu¬ 
tion will, therefore, not be able to neutralise so much acid. 
Let us suppose that it neutralises only 34'G c.c. Beforo 
shaking with the soil,. 100 c.c. of the solution neutralised 
37 - 3 c.c. The soil has, therefore, taken from the solution an 
amount of calcium carbonate equivalent to 37’3 — 34’G c.c. 
or 27 c.c. N/10 acid, Now 1 c.c. N/10 1101 neutralises 
•005 gram OaCO s . 27 c.c. must, therefore, have neutral¬ 
ised 27 x '005 gram OaC0 3 = -0135 gram OaOO s . Since 
5 grams of soil was shaken with 200 c.c. of solution, and 
p. soil 8 
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only half this solution was titrated by the acid, •0135 gra 
is tho amount of OaUO a absorbed by 2'5 grams of so 

The noil, thoroi'oro, absorbs or - 54 percent. 

it-H own weight; of OnGO a . 

If the Hoil weight) 2| million lb. per acre, the lime n 

. ... . -r>4 x 2500000 10 rAA 

([laroiueut; will bo —..-, or 13,500 lb., or near. 

(i tout) of calcium carbonate per acre. This is supposed i 
be the amount of calcium carbonate required to make tl 
soil neutral. Jt Is noldom that so high a lime requiremei 
1 H found. Kuoli a soil would ho greatly improved l 
addition of 2 or <1 tons of lime, or b to 7 tons of chalk c 


groom! limo-stoiio. 

In the last, three chapters wo have soon that a gret 
many useful facts can bo learned by oxper 
Importanoo of moating with a soil in the laboratory. C 
i outing Bo . t)l0 0Xll0t icuowlodgo as to whether th 

hoU is deficient in calcium carbonate is of the most imme 
diate use. h’orfuuatoly, too, it is tho easiest fact to flm 
,ml,, ]i’vory farmer and gardener should make sure tha 
hiH noil eontaiuH a sufficiency of calcium carbonate. If li 
Iihh any doubt on tho subject ho should take a saipple o 
his soil, as directed in Chapter II., and oither test it him 
Holfby ono of the methods described above, or send it t< 
Die county analyst or to tho local college. 

If he finds that it Ib deficient in calcium carbonate, b 
can greatly improve its productivity .by liming, chalking 
or marling. How tliuso operations aro carried out will to 
described in a later chapter. Such treatment will no 
only make the soil more suitable for ordinary crops, bu 
in addition will improve nitrification, make the soil easie. 
to cultivate if it in a clay soil, and eradicate certain ^ 
troublesome woods and fungoid diseases. It will alsi 
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make it quite safe to use acid manures, sucli as super¬ 
phosphate, which should not be used on soils deficient in 
calcium carbonate. Thousands of acres are kept below 
tlieir proper level of productivity for want of the simple 
precaution of testing for calcium carbonate. If this factor 
is deficient, no amount of drainage, cultivation, or manur¬ 
ing will maintain a satisfactory level of productivity. 



